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HARRIS SEMICONDUCTOR POWER MOSFET PRODUCTS 


This MOSFET databook offers an extensive line of power MOSFET products for use in a 
wide range of consumer, industrial and high-reliability applications. This databook contains 
detailed technical information on the broad line of more than 1000 power MOSFETs, 
including standard power MOSFETs (the popular RF-series types, the IRF-series of 
industry replacement types, and JEDEC types), MegaFETs, logic-level power MOSFETs 
(L2FETs), ruggedized power MOSFETs, enhancement-mode insulated gate bipolar 
transistors (IGBTs), advanced discrete, high-reliability and radiation-hardened power 
MOSFETs. 


The databook is divided into fifteen major sections. Section 1 includes a complete index of 
types and:industry replacement guides. Brief profiles of the various product categories are 
then presented. 


Separaie data sections provide definitive ratings and characteristics for each major 
category of devices. Data pages for individual devices are organized in numeric- 
alphanumerical sequence for each section. Because some devices are grouped together to 
show similarity of function or data, some individual types numbers may be out of sequence. 
If you have difficulty finding a type number check the Index of Devices, Section 1. 


For complete, current and detailed technical specifications on any Harris device please 
contact the nearest Harris sales, representative or distributor office see complete worldwide 
listing in Section 15, page 15-1. 


For general information regarding Harris Semiconductor and its products, 
call 1-800-4-HARRIS 
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1301 Woody Burke Road Mercure Centre 
Melbourne, Florida 32902 100, Rue de la Fusse 
TEL: (407) 724-3000 1130 Brussels, Belgium 
TEL: (32) 2 246 21 11 
SOUTH ASIA 
Harris Semiconductor H.K. Ltd NORTH ASIA 
13/F Fourseas Building Harris K.K. 
208-212 Nathan Road Shinjuku NS Bldg. Box 6153 
Tsimshatsui, Kowloon 2-4-1 Nishi-Shinjuku 
Hong Kong Shinjuku-Ku, Tokyo 163-08 Japan 
TEL: (852) 723-6339 TEL: 81-3-3345-8911 


See our 
SpeCs in 


CAPS 


Copyright © Harris Corporation 1992 
(All rights reserved) 
Printed in U.SA., 1992 


$10.00 


Harris Semiconductor products are sold by description only. All specifications in this 
product guide are applicable only to packaged products; specifications for die are 
available upon request. Harris reserves the right to make changes in circuit design, 
specifications and other information at any time without prior notice. Accordingly, 
the reader is cautioned to verify that information in this publication is current 
before placing orders. Reference to products of other manufacturers are solely 
for convenience of comparison .and do not ey total equivalency of design, 
performance, or otherwise. 
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For technical assistance on the Harris products listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow- 
ing Harris Sales Offices: 


UNITED STATES 
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IRFU421 N-Channel Power MOSFETs Avalanche Energy Rated........... cc eee eee eee eee eee 4-557 
IRFU422 N-Channel Power MOSFETs Avalanche Energy Rated........... 0. cece ee eee eee 4-557 
MUR810 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers....... 0.0... eee eee ee 12-3 
MUR815 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers... 0.2... 0... ee eee ee eee eee 12-3 
MUR820 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers................... 0000.2 e eee 12-3 
MUR840 8A High-Speed, High-Voltage, High-Efficiency Epitaxial Silicon Rectifiers................... 12-5 
MUR850 8A High-Speed, High-Voltage, High-Efficiency Epitaxial Silicon Rectifiers................... 12-5 
MUR860 8A High-Speed, High-Voltage, High-Efficiency Epitaxial Silicon Rectifiers................... 12-5 
MUR870E 8A Ultrafast Diode With Soft Recovery Characteristic... 2... 0... cee eee eens 12-8 = 
MUR880E 8A Ultrafast Diode With Soft Recovery Characteristic... 2.0.00... e cece cece cece eens 12-8 = 
MUR890E 8A Ultrafast Diode With Soft Recovery Characteristic 0.0... 0... cece eee eee eens 12-8 = 
MUR8100E 8A Ultrafast Diode With Soft Recovery Characteristic ....... 0.0... cee ee ee ee eee 12-8 Ss 
MUR1510 15A Ultrafast Diode With Soft Recovery Characteristic .... 2... 0... eee ee eee 12-11 = 
MUR1515 15A Ultrafast Diode With Soft Recovery Characteristic ....... 0.0... cee cee ee eee 12-11 ae 
MUR 1520 15A Ultrafast Diode With Soft Recovery Characteristic... 2... . cee ee eee 12-11 
MUR1540 15A Ultrafast Diode With Soft Recovery Characteristic ...... 0.0... .. cece ee eee 12-14 
MUR1550 15A Ultrafast Diode With Soft Recovery Characteristic .. 6... . ec eee ee eee 12-14 
MUR1560 15A Ultrafast Diode With Soft Recovery Characteristic ...... 0.0... 0. cee ee ce ee ees 12-14 
MUR1610CT Dual 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers................. ee eee eee 12-31 
MUR1615CT Dual 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers.....................0.. wee 12°31 
MUR1620CT Dual 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers............ 0.2.2... 2c eee 12-31 
MUR3010PT 15A Ultrafast Dual Diode With Soft Recovery Characteristic... ...... 0.0.0... ce eee eee eee 12-35 
MUR3015PT 15A Ultrafast Dual Diode With Soft Recovery Characteristic... 0.2.0... 2. ee eee ee eee 12-35 
MUR3020PT 15A Ultrafast Dual Diode With Soft Recovery Characteristic... 0.0... ee eee ee eee 12-35 
MUR3040PT 15A Ultrafast Dual Diode With Soft Recovery Characteristic. ......... 0.2... cee eee ees 12-38 
MUR3050PT 15A Ultrafast Dual Diode With Soft Recovery Characteristic. .......... 0... cee eee eee eee 12-38 
MUR3060PT 15A Ultrafast Dual Diode With Soft Recovery Characteristic........ 0... 0.0... eee ee eee 12-38 
RFA14N50BE N-Channel Ennancement-Mode Power Field-Effect Transistor............. 0.2 c eee eee eee 10-23 
RFA100NO5E N-Channel Ennhancement-Mode Power Field-Effect Transistor (MegaFETsS)................. 4-733 
RFB18N10CS Current Sensing N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 8-14 
RFB18N10CSHM = Current Sensing N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 8-14 
RFB18N10CSVM = Current Sensing N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 8-14 
RFD3NO8L N-Channel Logic Level Power Field Effect Transistors... 0.0... . cece ee ele teenies 10-26 
RFD3NO8LSM N-Channel Logic Level Power Field Effect Transistors... 0.0.0.0... 0c ccc eect eee eee 10-26 
RFD4NO6L N-Channel Logic Level Power Field Effect Transistors... 2... 0... cee eee eee eee 10-28 
RFD4NO6LSM N-Channel Logic Level Power Field Effect Transistors .... 0.0... . 0. cece eee ee ee ees 10-28 
RFD12NO6RLE N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-64 
RFD12NO6RLESM N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-64 
RFD14N05 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 4-650 
RFD14NO5L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-74 
RFD14NO5LSM N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-74 
RFD14NO5SM N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 4-650 
RFD16N05 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 4-665 
RFD16NO5L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-83 
RFD16NO5LSM N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-83 
RFD16NO5SM N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 4-665 
RFD3055RLE N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-64 
RFD3055RLESM N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 6-64 
RFD8P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 5-161 
RFD8PO05SM P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 5-161 
RFD15P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 5-178 


RFD15P05SM 


RFG40N10 
RFGSONOS5 


RFGSONOSL 


RFG70NO6 


~ RFG75NO5E 


RFG30P05 
RFG30P06 


RFG60PO5E 
RFG60PO6E 


RFH10N45 
RFH10N50 
RFH12N35 
RFH12N40 
RFH25N18 
RFH25N20 
RFH30N12 
RFH30N15 
RFH35N08 
RFH35N10 
RFH45N05 
RFH45N06 


RFH75NO5E 


RFH25P08 
RFH25P10 
RFK25N18 
RFK25N20 
RFK30N12 
RFK30N15 
RFK35N08 
RFK35N10 
RFK45NO05 
RFK45NO06 
RFK25P08 
RFK25P10 
RFL1NO8 
RFLANO8L 
RFL1N10 
RFL1N10L 
RFLIN12 
RFLIN12L 
RFLIN15 
RFLIN15L 
RFL1N18 
RFLIN18L 
RFL1N20 
RFLiN20L 
RFL2NO5 
RFL2NOS5L 
RFL2NO6 
RFL2NO6L 
RFL4N12 
RFL4N15 
RFL1P08 
RFL1P10 
RFM3N45 


ALPHA NUMERIC PRODUCT INDEX (continued) 


P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ................. 


.N-Channel Enhancement-Mode Power Field-Effect Transistors..................c0cceeeee 


N-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
N-Channel Enhancement-Mode Power Field-Effect Transistors............. eer piran 


MegaRE TS) scgs06 oe keinateoarad 
MeGaFEIS) vi6¢cc2s4 e055 eas 
MegGaPETS) site weiee andes 


Fo cae ate oe 


| N-Channel Enhancement-Mode Power Field-Effect Transistors..............c0cc ee eeeeees 


N-Channel Enhancement-Mode Power Field-Effect Transistors...............0cc sees e eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors..............ccee ee eeeeees 
N-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0... 0.0... eee e ee eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 0... eee cee eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0.0.0... .. cece eee ees 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ..............0cc eee weee 
N-Channel Enhancement-Mode Power Field-Effect Transistors..............0 cece cece wees 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 0.0.0 cece eee ee ees 
N-Channel Enhancement-Mode Power Field-Effect Transistors............ 0.0 e eee eevee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 0.0... cece eee ee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
P-Channel Enhancement-Mode Power Field-Effect Transistors. ........ 0.0.0 c eee e eee ee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors... 0... 0.0.0.0. cee eee ee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors............... Ct ee 
N-Channel Enhancement-Mode Power Field-Effect Transistors....... 0.0.00. cee eee eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ....... 0.0.0.0. cee ee eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ......... 0.2.00 cc eee eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors........ 0.0.0.0 eee eee eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors........ 0.0.0... 0c cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ... 0... 0... ccc cee eee eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ....... 0.0.0... ccc eee ewes 
P-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0... eee cee es 
P-Channel Enhancement-Mode Power Field-Effect Transistors. ... 0.0... 0. ccc cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ........ 0... 0c e eee ee eee 


N-Channel Logic Level Power Field-Effect Transistors (L°FET).......0... 0.0. c eee e eee eeee 


N-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0.0.0... cee cee eee eee 
N-Channel Logic Level Power Field-Effect Transistors (L°FET)................008 Se aiaedean td 
N-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0... 0... cece eee ees 
N-Channel Logic Level Power Field-Effect Transistors (L2FET).. 0.00.0... cece ee eee ee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ....... 0.0.00. cc cee eee ees 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) gases 2 eGR Be eae eee Un Gees 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ....... 0.0.0... cee ee ee ees 
N-Channel Logic Level Power Field-Effect Transistors (L°FET)......... 00... c cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 0... c eee eee eee 
N-Channel Logic Level Power Field-Effect Transistors (L2FET)................0c cece eens 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ......... 0.0.00 cece eee eee 
N-Channel Logic Level Power Field-Effect Transistors (L2FET)............ 0.00 cece eee wees 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ......... 0.0... e eee 
N-Channel Logic Level Power Field-Effect Transistors (L2FET)......... 00... seus eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. .........0. 0. cece tee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors. ........ 0.00.0 cee eee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors... 2.2.0.0... 2c eee cee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors... .........0c cc cee cece ees 


N-Channel Enhancement-Mode Power Field-Effect Transistors. ........... 0.00 c eee cee eee | 


RFM3N50 
RFM4N35 
RFM4N40 
RFM6N45 
RFM6N50 
RFM7N35 
RFM7N40 
RFM8N18 
RFM8N18L 
RFM8N20 
RFM8N20L 
RFM10N12 
RFM10N12L 
RFM10N15 
RFM10N15L 
RFM10N45 
RFM10N50 
RFM12N08 
RFM12NO8L 
RFM12N10 
RFM12N10L 
RFM12N18 
RFM12N20 
RFM12N35 
RFM12N40 
RFM15N05 
RFM15NO5L 
RFM15N06 
RFM15NO6L 
RFM15N12 
RFM15N15 
RFM18N08 
RFM18N10 
RFM25N06 
RFM5P12 
RFM5P15 
RFM6P08 
RFM6P10 
RFM8P08 
RFM8P 10 
RFM10P12 
RFM10P15 
RFM12P08 
RFM12P10 
RFP2NO08 
RFP2NO8L 
RFP2N10 
RFP2N10L 
RFP2N 12 
RFP2N12L 
RFP2N15 
RFP2N15L 
RFP2N18 
RFP2N18L 
RFP2N20 
RFP2N20L 
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N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Ennhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Ennancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L°FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L°FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Ennhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
P-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
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4-590 
4-602 
4-602 
4-610 
4-610 
4-614 
4-614 
4-618 
6-56 
4-618 
6-56 
4-622 
6-60 
4-622 
6-60 
4-630 
4-630 
4-634 
6-70 
4-634 
6-70 
4-638 
4-638 
4-646 
4-646 
4-655 
6-79 
4-655 
6-79 
4-661 
4-661 
4-669 
4-669 
4-682 
5-153 
5-153 
5-157 
5-157 
5-166 
5-166 
5-170 
5-170 
5-174 
5-174 
4-578 
6-40 
4-578 
6-40 
4-582 
6-44 
4-582 
6-44 
4-586 
6-48 
4-586 
6-48 


GENERAL 
INFORMATION 


RFP4NO05 
RFP4NO5L 
RFP4NO06 
RFP4NO6L 
RFP4N35 
RFP4N40 
RFP4N100 
RFP17NO6L 
RFP25NO5L 
RFP25NO6L 
RFP22N10 
RFP25N05 
RFP3N45 
RFP3N50 
RFP6N45 
RFP6N50 
RFP7N35 
RFP7N40 
RFP8N18 
RFP8N20 
RFP10N12 
RFP10N15 
RFP12N08 
RFP12N10 
RFP12N18 
RFP12N20 
RFP15NO05 
RFP15NO6 
RFP15N12 
RFP15N15 
RFP18NO08 
RFP18N10 
RFP8N18L 
RFP8N20L 
RFP10N12L 
RFP10N15L 
RFP12NO8L 
RFP12N10L 
RFP15NO5L 
RFP15NO6L 


RFP12NO6RLE 


RFP14N05 
RFP14NO5L 
RFP 15NO08L 
- RFP25NO06 


RFP3055RLE 


RFP40N10 
RFPSONOS 
RFPSONOSL 
RFP7ONO6 
RFP2P08 
RFP2P10 
RFPSP 12 
RFP5P15 
RFP6P08 
RFP6P10 
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N-Channel Enhancement-Mode Power Field-Effect Transistors.............cc sce c ee caees 
N-Channel Logic Level Power Field-Effect Transistors (L2FET).......... 0.00 cece eee ce eee 


_N-Channel Enhancement-Mode Power Field-Effect Transistors...............ccccceceeees 


N-Channel Logic Level Power Field-Effect Transistors (L2FET).............. 0c cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors............. 000 cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 0.0.00 0c e eee eee eee 
High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistor................. 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ..............00. 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ...............6. 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (L2FET) .......... 
N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET)...............00. 
N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET)...............06. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 000 c eee ee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 02.00. cece e eee eens 
N-Channel Enhancement-Mode Power Field-Effect Transistors............. ccc cece eee ees 
N-Channel Enhancement-Mode Power Field-Effect Transistors............ Se cre ee 
N-Channel Enhancement-Mode Power Field-Effect Transistors........... 0.00 cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors............. 0.0.0 cee ee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 0.0.00 cee eee eens 
N-Channel Enhancement-Mode Power Field-Effect TransistorS........... 00.00 cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect TransistorS......... 0.0.00 cece cece cece 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 0.0000 ce eee eee ees 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 0.0.0 ccc eee e eee 
N-Channel Enhancement-Mode Power Field-Effect TransistorS........... 00.00 cece cece ees 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 0.0.0 cece ee ee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 0... cc eee ween ees 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 0... ccc eee ween anes 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 0... ccc cece eee eeee 
N-Channel Enhancement-Mode Power Field-Effect Transistors... ..... 0.0... ccc cee neces 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 0.0... 0 cece eee eee 
N-Channel Enhancement-Mode Power Field-Effect Transistors............. 0.0 cc eee ee ewes 
N-Channel Enhancement-Mode Power Field-Effect TransistorS........... 0.00 ccc cece eens 
N-Channel Logic Level Power Field-Effect Transistors (L2FET)........... 0.0.0 eee ce aeeees 
N-Channel Logic Level Power Field-Effect Transistors (L2FET)........... 0.0.00 cece eee eens 
N-Channel Logic Level Power Field-Effect Transistors (L°FET).............. cece cece eeees 
N-Channel Logic Level Power Field-Effect Transistors (L2FET).......... 0... cece eeeee eee 
N-Channel Logic Level Power Field-Effect Transistors (L°FET)........... ccc eec eee eeeees 
N-Channel Logic Level Power Field-Effect Transistors (LFET)........... 0.0.00. eeeeeeeee 
N-Channel Logic Level Power Field-Effect Transistors (L7FET)...... 00... cece cece eee eee 
N-Channel Logic Level Power Field-Effect Transistors (L2FET)............cc cee e cece eeees 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ...............6. 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors .............000. 
N-Channel Logic Level Power Field-Effect Transistor... 0.0.0.0... 00. cece eee cee eee ees 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................. 00000 000- 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ..............00. 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ..............6. 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ..............00. 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 0.0... cece eee ee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors. ........ 0.0... e eee eee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors.... 0.0.0.0... cece eee ee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors. ......... 0.000 cece ee eee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors. ......... 0.0.00. cece ee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors... ...... 0.0.0 c cece ee eee eee 
P-Channel Enhancement-Mode Power Field-Effect Transistors........ 0.0... cc cece eee eee 
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ALPHA NUMERIC PRODUCT INDEX (continueq) 


RFP8P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 5-161 
RFP8P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. .......... 0.0. cece eee eens 5-166 
RFP8P10 P-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0.0... 0... cece eee ee eee 5-166 
RFP10P12 P-Channel Enhancement-Mode Power Field-Effect Transistors... ....... 0... e eee eee eens 5-170 
RFP10P15 P-Channel Enhancement-Mode Power Field-Effect Transistors... ......... 0.0: e cece eee eens 5-170 
RFP 12P08 P-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0.2.0... cece eee ee eee 5-174 
RFP12P10 P-Channel Enhancement-Mode Power Field-Effect Transistors... 0.0.0.0... 0.0. e eee eee eee 5-174 
RFP15P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 5-178 
RFP30P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 5-187 
RFP30P06 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ................ 5-192 
RFW2NO6RLE N-Channel Logic Level Power Field-Effect Transistors (L°FET)............ 0c ccc eee ea ee 6-35 
RLP1NO6CLE Voltage-Clamping Current-Limiting ESD-Protected N-Channel Enhancement-Mode Power..... 8-25 
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INTELLIGENT DISCRETES 
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2N6766 
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2SK428 
2SK440 
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2SK556 
2SK557 
2SK558 
2SK561 
BSR80 
BSR81 
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RFL2NO05 
RFL2NO6 
RFL1N10 
2N6755 
2N6756 
2N6757 
2N6758 
2N6759 
2N6760 
2N6761 
2N6762 
2N6763 
2N6764 
2N6765 
2N6766 
2N6767 
2N6768 
2N6769 
2N6770 
2N6782 
2N6784 
2N6782 
2N6788 
2N6790 
2N6792 
2N6794 
2N6796 
2N6798 
2N6800 
2N6802 
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2N6898 
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BUP62 
BUP63 
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BUP66 
BUP67 
BUP68 
BUP69 
BUP70 
BUP71 
BUZ1i0 
BUZ10B 


_BUZ11A 


BUZ14 
BUZ14A 
BUZ14C 
BUZ14D 
BUZ15 
BUZ17 
BUZ20 
BUZ20A 
BUZ20B 
BUZ21 
BUZ23 
BUZ23A 
BUZ23B 
BUZ24 
BUZ25 
BUZ30 
BUZ32 
BUZ32A 
BUZ32B 
BUZ32C 
BUZ33 
BUZ33A 
BUZ33B 
BUZ34 
BUZ35 
BUZ35A 
BUZ36 
BUZ40 
BUZ41A 
BUZ41B 
BUZ42 
BUZ42A 
BUZ42B 
BUZ42C 
BUZ42D 
BUZ43 
BUZ44A 
BUZ44B 
BUZ45 
BUZ45A 
BUZ45B 
BUZ46 
BUZ46A 
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RFM7N40 
RFM6N45 
RFM6N50 
RFP25N05 
IRF533 
RFP25N05 
RFK45NO05 
IRF153 
IRF131 
IRF133 
RFK45N05 
RFK45N05 
RFP12N10 
IRF532 
IRF520 
RFP18N10 
RFM12N10 
IRF130 
IRF152 
RFK35N10 
RFM18N10 
IRF632 
IRF630 
IRF631 
IRF632 
IRF633 
IRF220 
IRF232 ° 
IRF233 
IRF240 
IRF230 
IRF231 
IRF240 
IRF822 
IRF830 
IRF431 
IRF832 
IRF833 
IRF820 
IRF821 
IRF822 
IRF422 
IRF430 
IRF831 
RFM10N50 
RFM10N50 
IRF452 
IRF432 
IRF433 
IRF821 
IRF730 
IRF731 
IRF732 
IRF733 
IRF720 
IRF330 
IRF331 
IRF332 
IRF333 
IRF730 
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INDUSTRY 
TYPE 


BUZ64 
BUZ67 
BUZ71 
BUZ71A 
BUZ72 
BUZ72A 
BUZ73° 
BUZ73A 
BUZ74 
BUZ74A 
BUZ76 
BUZ76A 
BUZ201 
BUZ210 
BUZ211 
BUZ351 
BUZ353 
BUZ354 
D82AK2 
D82AL2 
D82AM2 
D82AN2 
D84BK1 
D84BK2 
D84BL1 
D84BL2 
D84BM1 
D84BM2 
D84BN1 
D84BN2 


‘D84BQ1 


D84BQ2 
D84CK1 
D84CK2 
D84CL1 
D84CL2 
D84CM1 
D84CM2 
D84CN1 
D84CN2 
D84CQ1 
D84CQ2 
D84CR1 
D84CR2 
D84DK1 
D84DK2 
D84DL1 
D84DL2 
D84DM1 
D84DM2 
D84DN1 
D84DN2 
D84DQ1 
D84DQ2 
D84DR1 
D84DR2 
D84EM1 
D84EM2 
D86DK1 
D86DK2 
D86DL1 
D86DL2 
D86DM1 
D86DM2 
D86DN1 
D86DN2 
D86DQ1 
D86DQ2 
D86DR1 
D86DR2 


HARRIS 
REPLACEMENT 


TYPE 


IRF352 
IRF352 
RFP25N05 
RFP25N05 
RFP12N10 
IRF532 
IRF630 
IRF632 
IRF820 
IRF822 
IRF720 
IRF732 
IRF352 
RFM10N50 
RFM10N50 
RFH12N40 
RFH10N50 
RFH10N50 
IRFD1Z1 
IRED1Z0 
IRFD2Z1 
IRFD2ZO 
IRF511 
IRF511 
IRF510 
IRF510 
IRF611 
IRF611 
IRF610 
IRF610 
IRF723 
IRF722 
IRF521 
IRF521 
IRF520 
IRF520 
IRF621 
IRF621 
IRF620 
IRF620 
IRF721 
IRF720 
IRF821 
IRF820 
IRF531 
IRF531 
IRF530 
IRF530 
IRF631 
IRF631 
IRF630 
IRF630 
IRF731 
IRF730 
IRF831 
IRF830 
IRF641 
IRF641 
IRF131 
IRF131 
IRF130 
IRF130 
RFM10N12 
IRF631 
IRF230 
IRF230 
IRF331 
IRF330 
IRF431 
IRF430 


Industry Replacement Guide 


Power MOSFETs 


, HARRIS 
INDUSTRY REPLACEMENT 
TYPE TYPE 


HARRIS HARRIS 


INDUSTRY REPLACEMENT INDUSTRY REPLACEMENT 


D86EM1 
D86EM2 
D86EN1 
D86EN2 
D86FK1 
D86FK2 
D86FL1 
D86FL2 
D86FM1 
D86FM2 
D86FN1 
D86FN2 
D86FQ1 
D86FQ2 
D86FR1 
D86FR2 
D88FK1 
D88FK2 
D88FL1 
D88FL2 
D88FM1 
D88FM2 
D88FN1 
D88FN2 
D88FQ1 
D88FQ2 
D88FR1 
D88FR2 
GF2A10 
GF2A13 
GF2B06 
GF2B08 
GF2D04 
GF2D05 
GF4A4 
GF4A8 
GF4A14 
GF4A27 
GF4B2 
GF4B5 
GF4B9 
GF4B18 
GF4D1 
GF4D3 
GF4D5 
GF4D10 
GF4E2 
GF4E4 
GF4E8 
GF6A14 
GF6A27 
GF6A40 
GF6B9 
GF6B18 
GF6B30 
GF6D5 
GF6D10 
GF6D15 
GF6E4 
GF6E8 
GF6E13 
GF8A40 
GF8B30 
GF8D15 
GF8E13 
GF14A35 
GF14A60 
GF14A80 
GF14B22 
GF14B35 


IRF241 
IRF241 
IRF240 
IRF240 
RFK45NO05 
RFK45N06 
RFK35N08 
IRF150 
IRF251 
IRF251 
IRF250 
IRF250 
IRF351 
IRF350 
IRF451 
IRF450 
IRFP151 
IRFP151 
IRFP150 
IRFP150 
IRFP251 
IRFP251 
IRFP250 
IRFP250 
IRFP351 
IRFP350 
IRFP451 
IRFP450 
IRFD110R 
IRFD120R 
IRFD210R 
IRFD220R 
IRFD310R 
(RFD320R 
IRF510R 
IRF520R 
IRF530R 
IRF540R 
IRF610R 
IRF620R 
IRF630R 
IRF640R 
IRF710R 
IRF720R 
IRF730R 
IRF740R 
IRF820R 
IRF830R 
IRF840R 
IRF130R 
IRF140R 
IRF150R 
IRF230R | 
IRF240R 
IRF250R 
IRF330R 
IRF340R 
IRF350R 
IRF430R 
IRF440R 
IRF450R 
IRFP150R 
IRFP250R 
IRFP350R 
IRFP450R 
IRFF110R 
IRFF120R 
IRFF130R 
IRFF210R 
IRFF220R 


TYPE TYPE TYPE TYPE 


GF14B55 
GF14D14 
GF14D25 
GF14D35 
GF14E16 
GF14E28 
IRF120 
IRF121 
IRF122 
IRF123 
IRF130 
IRF131 
IRF 132 
IRF133 
IRF150 
IRF151 
IRF 152 
IRF153 
IRF220 
IRF221 
IRF222 
IRF223 
IRF230 
IRF231 
IRF232 
IRF233 
IRF240 
IRF241 
IRF243 
IRF250 
IRF251 
IRF252 
IRF253 
IRF320 
IRF321 
IRF322 
IRF323 
IRF330 
IRF331 
IRF332 
IRF333 
IRF350 
IRF351 
IRF352 
IRF353 
IRF420 
IRF421 
IRF422 
IRF423 
IRF430 
IRF431 
IRF432 
IRF433 
IRF450 
IRF451 
IRF452 
IRF453 
IRF510 
IRF511 
IRF512 
IRF513 
IRF520 
IRF521 
IRF522 
IRF523 
IRF530 
IRF531 
IRF532. 
IRF533 
iIRF610 


IRFF230R 
IRFF310R 
IRFF320R 
IRFF330R 
IRFF420R 
IRFF430R 
IRF120 
IRF121 
IRF122 
IRF123 
IRF130 
IRF131 
IRF132 
IRF133 
IRF150 
IRF151 
IRF152 
IRF153 
IRF220 
IRF221 
IRF222 
IRF223 
IRF230 
IRF231 
IRF232 
IRF233 
IRF240 
IRF241 
IRF243 
IRF250 
IRF251 
IRF252 
IRF253 
IRF320 
IRF321 
IRF322 
IRF323 
IRF330 
IRF331 
IRF332 
IRF333 
IRF350 
IRF351 
IRF352 
IRF353 
IRF420 
IRF421 
IRF422 
IRF423 
IRF430 
IRF431 
IRF432 
IRF433 ~ 
IRF450 
IRF451 
IRF452 
IRF453 
IRF510 
IRF511 
IRF512 
IRF513 
IRF520 
IRF521 
IRF522 
IRF523 
IRF530 
IRF531 
IRF532 
IRF533 
IRF610 


IRF611 
IRF612 
IRF613 
IRF620 
IRF621 
IRF622 
IRF623 
IRF630 
IRF631 
IRF632 
IRF633 
IRF641 
IRF643 
IRF710 
IRF711 
IRF712 
IRF713 
IRF720 
IRF721 
IRF722 
IRF723 
IRF730 
IRF731 
IRF732 
IRF733 
IRF820 
IRF821 
IRF822 
IRF823 
IRF830 
IRF831 
IRF832 
IRF833 
IRF9130 
IRF9131 
IRF9132 
IRF9133 
IRF9140 
IRF9141 
IRF9142 
IRF9143 
IRF9231 
IRF9233 
IRF9241 
IRF9242 
IRF9510 
IRF9511 
IRF9512 
IRF9513 
IRF9520 
IRF9521 
IRF9522 
IRF9523 
IRF9530 
IRF9531 
IRF9532 
IRF9533 
IRF9542 
IRF9543 
IRF9611 
IRF9613 
IRF9621 
IRF9623 
IRF9631 
IRF9633 
IRF9641 
IRF9643 
IRFD1Z0 
IRFD121 
IRFD1Z2 


IRF611 
IRF612 
IRF613 
IRF620 
IRF621 
IRF622 
IRF623 
IRF630 
IRF631 
IRF632 
IRF633 
IRF641 
IRF643 
IRF722 
IRF723 
IRF722 
IRF722 
IRF720 
IRF721 
IRF722 
IRF723 
IRF730 
IRF731 
IRF732 
IRF733 
IRF820 
IRF821 
IRF822 
IRF823 
IRF830 
IRF831 
IRF832 
IRF833 
RFM12P10 
RFM12P08 
RFM8P10 
RFM8P08 
RFK25P10 
RFK25P08 
RFM12P10 


_-RFM12P08 


RFM10P15 
RFM5P15 
RFM10P15 
RFM10P15 
RFP5SP12 
RFP5SP12 
RFP5SP12 
RFDSP12 
RFP6P10 
RFP6P08 
RFP6P10 
RFP6P08 
RFP12P10 
RFP12P08 
RFP8P10 
RFP8P08 
RFP12P10 
RFP12P08 
RFP5P15 
RFP5SP15 
RFP6P08 
RFP6P08 
RFP12P08 
RFP12P08 
RFP10P15 
RFP10P15 
IRFD1Z0 
IRFD121 
IRFD12Z2 


INDUSTRY 
REPLACEMENT GUIDE 


Power MOSFETs 


INDUSTRY 
TYPE 


IRFD12Z3 
IRFF110 

IRFF 1114 
IRFF112 
IRFF113 
IRFF120 
IRFF121 
IRFF122 
IRFF123 
IRFF130 
IRFF131 
IRFF132 
IRFF133 
IRFF210 
IRFF211 
IRFF212 
IRFF213 
IRFF220 
IRFF221 
IRFF222 
IRFF223 
IRFF230 
IRFF231 
IRFF232 
IRFF233 
IRFF320 
IRFF321 
IRFF322 
IRFF323 
IRFF330 
IRFF331 
IRFF332 
IRFF333 
IRFF420 
IRFF421 
IRFF422 
IRFF423 
IRFF430 
IRFF431 
IRFF432 
IRFF433 
IRFZ20 
IRFZ22 
IRFZ32 - 
IVN5000TND 
IVNS5000T NE 
IVNSO00TNF 
IVNSOOOTNH 
IVNSOOOSND 
IVNSOOOSNE 
IVNS000SNF 
IVNSOO0SNH 
IVN5001TND 
IVN5001 TNE 
IVN5001T NF 
IVN5001TNH 
IVNSO0O1SND 
IVN5001SNE 
IVN5001SNF 
IVN5001SNH 
IVN5200HND 
IVNS5200HNE 
IVNS5200HNF 
IVN5200HNH 
IVN5200KND 
IVNS200KNE 
IVN5200KNF 
IVN5200KNH 
IVN5200TND 
IVNS5200TNE 


HARRIS 


REPLACEMENT 


TYPE 


IRFD1Z3 
IRFF110 
IRFF111 
IRFF112 
IRFF113 
IRFF120 
IRFF121 
IRFF122 
IRFF123 
IRFF130 
IRFF131 
IRFF132 
IRFF133 
IRFF210 
IRFF211 
IRFF212 
IRFF213 
IRFF220 
IRFF221 
IRFF222 
IRFF223 
IRFF230 
IRFF231 
IRFF232 
IRFF233 
IRFF320 
IRFF321 
IRFF322 
IRFF323 
IRFF330 
IRFF331 
IRFF332 
IRFF333 
IRFF420 
IRFF421 
IRFF422 
IRFF423 
IRFF430 
IRFF431 
IRFF432 
IRFF433 
RFP25N05 
RFP25N05 
RFP25N05 
RFL2NO5 
RFL2NO6 
RFL1NO8 
RFL1N10 
RFL2NO5 
RFL2NO6 
-<RFLINO8 
RFL1N10 
-RFL2NO5 
RFL2NO6 
RFL1NO8 
-RFLIN10 
RFL2NO5 
RFL2NO6 
RFL1NO8 
RFL1N10 
IRF523 
IRF523 
IRF522 
IRF522 
IRF123 
IRF123 
IRF122 
IRF122 
IRFF123 
IRFF123 


INDUSTRY 
TYPE 


-IVN5200TNF 


IVN5200TNH 


IVN5201CND : 


IVN5201CNE 
IVN5201CNF 
IVN5201CNH 
IVN5201KND 
IVN5201KNE 
IVN5201KNF 
IVN5201KNH 
IVN5201TND 
IVN5201TNE 
IVN5201TNF 
IVN5201TNH 
IVN6000CNE: 
IVN6000CNF 
IVN6000CNH 
IVN6000CNR 
IVN6000CNS 
IVN6000CNT 
IVN6000CNU 
IVN6000KNE 
IVN6000KNF 
IVN6000KNH 


IVN6000KNR . 


IVN6000KNS 
IVN6000KNT 
IVN6000KNU 
IVN6000TNE 
IVN6000TNF 
IVN6000TNH 
IVN6000TNR 
IVN6000TNS 
IVN6000TNT 
IVN6000TNU 
IVN6001CNE° 
IVN6001CNF 
IVN6001CNH 
IVN6001KNE 
IVN6001KNF 
IVN6001KNH 
IVN6001TNE 
IVN6001T NF 
IVN6001TNH 
IVN6002CND 
IVN6002KND 
IVN6002TND 
IVN6100TNS 
IVN6100TNT 
IVN6100TNU 
IVN6200ANE 
IVN6200ANF 
IVN6200ANH 


IVN6200ANM 


IVN6200ANP 
IVN6200ANS 
IVN6200ANT 
INV6200ANU 
IVN6200CND 
IVN6200CNE 
IVN6200CNF 
IVN6200CNH 
IVN6200CNM 
IVN6200CNP 
IVN6200CNR 
IVN6200CNS 
IVN6200CNT 
IVN6200CNU 
IVN6200KNE 
IVN6200KNF 


HARRIS 


REPLACEMENT 


TYPE 


IRFF122 
IRFF122 
IRF523 
IRF523 
IRF522 
IRF522 
IRF123 
IRF 123 
IRF122 
IRF 122 
IRFF123 
IRFF123 
IRFF122 
IRFF122 
IRF523 
IRF522 

RF522 
IRF722 
IRF722 

-IRF821 
IRF822 
IRF123 
IRF 122 
IRF122 
IRF322 
IRF322 
IRF421 
IRF422 
IRFF113 
IRFF112 
(RFF112 
IRFF322 
IRFF322 
IRFF423 
IRFF422 
IRF523 
IRF522 
IRF522 
IRF123 
IRF 122 
IRF 122 
IRFF113 
IRFF112 
IRFF112 
IRF523 
IRF123 
IRFF113 
IRFF312 
IRFF423 
IRFF423 
IRF531 
RFP12N08 
RFP12N10 
RFP8N20 
RFP8N20 
IRF732 
IRF831 
IRF830 

-IRF521 
IRF533 
IRF532 
IRF532 
RFP8N20 
RFP8N20 
RFP4N40 
IRF730 
IRF831 
IRF831 
IRF 133 
IRF 132 
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INDUSTRY 
TYPE 


IVN6200KNH 
IVN6200KNM 
IVN6200KNP 
IVN6200KNR 
IVN6200KNS 
IVN6200KNT 
IVN6200KNU 
IVN6300SNE 
IVN6300SNF 
IVN6300SNH 
IVN6300SNM 
IVN6300SNP 
IVN6300SNS 
IVN6300SNT 
IVN6300SNU 
IVN6660 
IVN6661 
MTH7N45 
MTH7NS50 


‘MTH8N35 


MTH8N40 
MTH15N12 
MTH15N15 
MTH15N18 
MTH15N20 
MTH25N08 
MTH25N10 
MTM2N45 
MTM2N50 
MTM3N35 
MTM3N40 
MTM4N45 
MTM4N50 
MTM5N18 
MTM5N20 
MTM5N35 
MTMSN40 
MTM7N12 
MTM7N15 
MTM7N18 
MTM7N20 
MTM7N45 
MTM7N50 
MT M8N08 
MTM8N10 
MTM8N12 
MTM8N15 
MTM8N18 
MTM8N20 
MTM10N05 
MTM10N06 
MTM10N08 
MTM10N10 
MTM10N12 
MTM10N15 
MTM12N05 
MTM12N06 
MTM12N08 
MTM12N10 
MTM12N12 
MTM12N15 | 
MTM12N18 
MTM12N20 
MTM15N05 
MTM15NO06 
MTM15N12 
MTM15N15 
MTM15N18 
MTM15N20 
MTM15N35 


HARRIS 


REPLACEMENT 


TYPE 


IRF132. 
RFM8N20 
IRF353 
RFM4N40 
IRF332 
IRF431 
IRF432 
RFL2NO6 
RFL1NO8 
RFL1N10 
RFL1N20 
IRFF313 
IRFF312 
IRFF423 
IRFF422 
RFL1NO8 
RFL1NO8 
RFH10N45 
RFH10N50 
RFH12N35 
RFH12N40 


IRF251 


IRF251 
RFH25N18 


' RFH25N20 


RFK35N08 
RFH35N10 
RFM3N45 
RFM3N50 
RFM4N35 
RFM4N40 
2N6762 
2N6762 
RFM8N18 
RFM8N20 
IRF330 
IRF330 
RFM8N18 
RFM8N18 
IRF232 
RFM8N20 
RFM10N45 
RFM10N50 
2N6757 
2N6758 
2N6757 
2N6757 
RFM8N18 
RFM8N20 
RFM15N05 
RFM15N06 
RFM12N08 
RFM12N10 
RFM10N12 
RFM10N15 
RFM15N05 
RFM15N06 
RFM12N08 
RFM12N10 


_ [RF230 


IRF230 

RFM12N18 
RFM12N20 
RFM15N05 
RFM15N06 
RFM15N12 
RFM15N15 
RFK25N18 
RFK25N20 
RFM12N35 
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INDUSTRY 
TYPE 


MTM15N40 
MTM15N45 
MTM15N50 
MTM20N08 
MTM20N10 
MTM20N12 
MTM20N15 
MTM25N05 
MTM25N06 
MTM25N08 
MTM25N10 
MTM35N05 
MTM35N06 
MTM40N18 
MTM40N20 
MTM45N12 
MTM45N15 
MT M8P08 
MTM8P10 
MTP1N45 
MTP1N50 
MTP2N18 
MTP2N20 
MTP2N25 
MTP2N35 
MTP2N40 
MTP2N45 
MTP2N50 
MTP3N12 
MTP3N15 
MTP3N35 
MTP3N40 
MTP4N08 
MTP4N10 
MTP4N45 
MTP4N50 
MTP5NO5 
MTP5SNO6 
MTP5N18 
MTP5N20 
MTP5N35 
MTP5N40 
MTP7N12 
MTP7N15 
MTP7N18 
MTP7N20 
MTP8NO8 
MTP8N10 
MTP8N12 
MTP8N15 
MTP8N18 
MTP8N20 
MTP10N05 
MTP10NO06 
MTP10N08 


MTP10N10° 


MTP10N12 
MTP10N15 
MTP12N05 
MTP12N06 
MTP12N08 
MTP12N10 
MTP12N18 
MTP12N20 
MTP15N05 
MTP15N06 
MTP15N12 
MTP15N15 
MTP20N08 
MTP25N05 


HARRIS 
REPLACEMENT 
TYPE 


RFM12N40 
IRF450 
IRF451 
RFM18N08 
RFM18N10 
RFK30N12 
RFK30N15 
RFM25N05 
RFM25N06 
RFK35N08 
RFK35N10 
RFK45N05 
RFK45NO06 
IRF250 
IRF250 
RFK30N12 
RFK30N15 
RFM8P08 
RFM8P10 
RFP3N45 
RFP3N50 
RFP2N18 
RFP2N20 
IRF721 
RFP4N35 
RFP4N40 
RFP3N45 
RFP3N50 
IRF623 
IRF623 
RFP3N45 
RFP3N50 
IRF510 
IRF510 
RFP6N45 
RFP6N50 
RFP6P08 
RFP6P08 
RFP8N18 
RFP8N20 
RFP7N35 
RFP7N40 
RFP8N18 
RFP8N18 
RFP8N18 
RFP8N20 
RFP8N18 
RFP8N18 
RFP10N12 
RFP10N15 
RFP8N18 
RFP8N20 
RFP15N05 
RFP15N06 
RFP12N08 
RFP12N10 
RFP10N12 
RFP10N15 
RFP15N05 
RFP15N06 
RFP12N08 
RFP12N10 
RFP12N18 
RFP12N20 
RFP15N05 
RFP15N06 
RFP15N12 
RFP15N15 
RFP18N08 
RFP25N05 


INDUSTRY 
TYPE 


MTP25N06 
MTP8P08 
MTP8P10 
NOS100B 
NOS101B 
NOS102B 
PA4ON200LM 
PA4ON200LT 
PA40N200SM 
PA40N200ST 
PA4ON280LM 
PA4ON280LT 
-PA40N280SM 
PA4ON280ST 
PA40N300LM 
PA4ON300LT 
PA40N300SM 
PA4ON300ST 
PA75N150LM 
PA75N150LT 
PA75N150SM 
PA75N150ST 
PA125N40LM 
- PA125N40LP 
PA125N40SM 
PA125N60LM 
PA125N60LP 
PA125N60SM 
PA125N60SP 
PB40N400LM 
PB40N400LT 
PB40N400SM 
PB40N400ST 
PB75N180LM 
PB75N180LT 
PB75N180SM 
PB75N180ST 
PB125N60LM 
) PB125N60LP 
PB125N60SM 
PB125N60SP 
PB125N80LM 
PB125N80LP 
PB125N80SM 
PB125N80SP 
PC40N500LM 
PC40N500LT 
PC40N500SM 
PC40N500ST 
PC40N800LM 
PC40N800LT 
PC40N800SM 
PC40N800ST 
PC75N250LM 
PC75N250LT 
PC75N250SM 
PC75N250ST 
PC75N400LM 
PC75N400LT 
PC75N400SM 
PC75N400ST 


PC125N130LP 
PC125N130SP 


PC125N180LP 
PC125N180LT 


PC125N180SP 


PC125N130LM 
PC125N130SM 


PC125N180LM 


PC125N180SM 


HARRIS 
REPLACEMENT 
TYPE 


RFP25N06 
RFP8P08 
RFP8P10 
RFLIN15 
RFLIN12 
RFL1N08 
IRF131 
IRF531 
IRF131 
IRF531 
IRF132 
IRF532 
IRF132 
IRF532 
IRF121 
IRF521 
IRF 121 
IRF521 
RFM15NO06 
RFP15NO06 
RFM15NO06 
RFP15N06 
RFK45NO06 
RFK45N06 
RFK45N06 
RFH45N06 
RFH45N06 
RFK45N06 
RFH45N06 
IRF122 
IRF522 
IRF122 
IRF522 
IRF130 
IRF530 
IRF 130 
IRF530 
IRF150 
RFH35N10 
IRF 150 
RFH35N10 
IRF152 
RFH35N10 
IRF152 
RFH35N10 
IRF231 
IRF631 
IRF231 
IRF631 
IRF221 
IRF621 
IRF221 
IRF621 
IRF243 
IRF643 
IRF243 
IRF643 
IRF231 
IRF631 
IRF231 
IRF631 
IRF253 
RFH30N15 
IRF253 
RFH30N15 
IRF241 
RFH30N15 
IRF641 
IRF241 
RFH30N15 


INDUSTRY 
TYPE 


PM509P 
PM510P 
PM512M 
PM512P 
PM604P 
PM605P 
PM608M 
PM608P 
PM609P 
PM610P 
PM612M 
PM612P 
PM614M 
PM614P 
PM804P 
PM805P 
PM808M 
PM808P 
PM814M 
PM814P 
PM1003P 
PM1004P 
PM1006M 
PM1006P 
PM1010M 
PM1010P 
PM1203P 
PM1204P 
PM1206M 
PM1206P 
PM1210M 
PM1210P 
PM1503P 
PM1504P 
PM1506M 
PM1506P 
PM1510M 
PM1510P 
SEF120 
SEF121 
SEF122 
SEF123 
SEF130 
SEF131 
SEF132 
SEF133 
SEF150 
SEF151 
SEF152 
SEF153 
SEF220 
SEF221 
SEF222 
SEF223 
SEF230 
SEF231 
SEF232 
SEF233 
SEF240 
SEF241 
SEF243 
SEF320 
SEF321 
SEF322 
SEF323 
SEF330 


SEF331 


SEF332 
SEF333 
SEF420 


HARRIS 
REPLACEMENT 
TYPE 


IRF523 
IRF521 
IRF131 
IRF531 
IRF511 
IRF523 
IRF121 
IRF521 
IRF521 
IRF521 
IRF131 
IRF531 
IRF131 
IRFS31 
IRF510 
IRF522 
RFM12N08 
RFP12N08 
IRF131 
IRF531 
IRF512 
IRF510 
IRF122 
IRF522 
RFM12N10 
RFP12N10 
IRF621 
IRF631 
RFM10N12 
RFP10N12 
RFM15N12 
RFP15N12 
IRF623 
IRF623 
IRF631 
IRF231 
RFM10N15 
RFP10N15 
IRF120 
IRF121 
IRF122 
IRF123 
IRF 130 
IRF131 
IRF132 
IRF133 
IRF150 
IRF151 
IRF152 
IRF153 
IRF220 
IRF221 
IRF222 
IRF223 
IRF230 
IRF231 
IRF232 
IRF233 
IRF240 
IRF241 
IRF243 
IRF320 
IRF321 
IRF322 
IRF323 
IRF330 
IRF331 
IRF332 
IRF333 
IRF420 


INDUSTRY 
REPLACEMENT GUIDE 


Power MOSFETs 

HARRIS 
INDUSTRY . REPLACEMENT INDUSTRY 
TYPE TYPE TYPE 
SEF421 IRF421 SEFM7N45 
SEF422 IRF422 SEFM7N50 
SEF423 IRF423 SEFM8N18 
SEF430 IRF430 SEFM8N20 
SEF431 IRF431 SEFM10N05 
SEF432 IRF432 SEFM10NO06 
SEF433 IRF433 SEFM10N08 
SEF510 IRF510 SEFM10N10 
SEF511 IRF511 SEFM12N05 
SEF512 IRF512 SEFM12N06 
SEF513 IRF513 SEFM12N08 
SEF520 IRF520 SEFM12N10 
SEF521 IRF521 SEFM15N05. 
SEF522 IRF522 SEFM15N06 
SEF523 IRF523 SEFM15N18 
SEF530 IRF530 SEFM15N20 
SEF531 IRF531 SEFM25N05 
SEF532 IRF532 SEFM25N06 
SEF533 IRF533 -SEFM25N08 
SEF620 IRF620 SEFM25N10 
SEF621 IRF621 SEFM35N05 
SEF622 — IRF620 SEFM35N06 
SEF623 IRF623 | SEFP2N45 
SEF630 IRF620 SEFP3N35 
SEF631 IRF631 SEFP3N40 
SEF632 IRF632 SEFP4N45 
SEF633 IRF633 SEFP4N50 
SEF710 IRF722 SEFP5N05 
SEF711 IRF723 SEFP5N06 
SEF712 IRF 722 SEFP5N18 
SEF713 IRF722 SEFP5N20 
SEF720 IRF720 SEFP5N35 
SEF721 IRF721 SEFP5N40 
SEF722 IRF722 SEFP8N18 
SEF723 IRF723 SEFP8N20 
SEF730 IRF730 SEFP10NO05 
SEF731 IRF731 SEFP10N06 
SEF732 IRF732 SEFP10N08 
SEF733 IRF733 SEFP10N10 
SEF820 IRF820 SEFP12N05 
SEF821 IRF821 SEFP12N06 
SEF822 IRF822 SEFP12N08 
SEF823 IRF823 SEFP12N10 
SEF830 IRF830 SEFP15N05 
SEF831 IRF831 SEFP15N06 
SEF832 IRF832 SEFP25N05 
SEF833 IRF833 SEFP25N06 
SEFF120 IRFF120 SGSP101 
SEFF121 IRFF121 SGSP102 
SEFF122 IRFF122 SGSP111 
SEFF123 IRFF123 SGSP112 
SEFH7N45 RFH10N45 SGSP116 
SEFH7N50 RFH10N50 SGSP117 
SEFH8N35 RFH12N35 SGSP119 
SEFH8N40 RFH12N40 SGSP121 
SEFH15N18 RFH25N18 SGSP122 
SEFH15N20 RFH25N20 SGSP130 
SEFH25NO08 RFH35N08 SGSP131 
SEFH25N10 RFH35N10 SGSP132 
SEFH35N05 RFH45N05 SGSP139 
SEFH35N06 RFH45N06 SGSP151 
SEFM2N45 IRF423 SGSP152 
SEFM3N35 IRF323 SGSP154 
SEFM3N40 IRF322 SGSP157 
SEFM4N45 IRF431 SGSP158 
SEFM4N50 IRF430 SGSP301 
SEFM5N18 REM8N18 SGSP302 _ 
SEFM5N20 RFM8N20 SGSP311 
SEFM5N35 RFM7N35 SGSP312 
SEFM5N40 RFM7N40 SGSP316 
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HARRIS 


REPLACEMENT 


TYPE 


RFK10N45 
RFK10N50 
IRF230 
IRF230 
IRF133 
IRF133 
IRF120 
IRF120 
IRF131 
IRF131 
RFEM12N08 
RFM12N10 
REM15N05 
RFM15NO06 
RFK25N18 
RFK25N20 
RFM25N05 
RFEM25N06 
RFK35NO08 
RFK35N10 
FRK45NO05 
RFK45NO06 
IRF823 
IRF323 
IRF322 
IRF831 
IRF830 
IRF123 
IRF123 
RFP8N18 
RFP8N20 
IRF331 
IRF330 
RFP12N18 
RFP12N10 
IRF133 
IRF133 
RFP12NO08 
RFEP12N10 
RFP15N05 
RFEP15NO06 
RFP12NO08 
RFP12N10 
RFP15NO05 
RFP15NO06 
RFP25N05 
RFP25N06 
IRFF110 
RFL1NO8 
IRFF120 
IRFF120 
IRFF230 
IRFF330 
IRFF430 
IRFF131 
IRFF131 
IRFF421 
IRFF322 
IRFF323 
IRFF420 
IRFF122 
IRFF122 
IRFF423 
IRFF121 
IRFF121 
RFP2N10 
RFP2N10 
IRF520 » 
IRF520 
IRF723 


INDUSTRY 


TYPE 


SGSP317 
SGSP319 
SGSP321 
SGSP322 
SGSP330 
SGSP331 
SGSP332 
SGSP351 
SGSP352 
SGSP354 
SGSP357 
SGSP358 
SGSP361 
SGSP362 
SGSP364 
SGSP365 
SGSP366 
SGSP367 
SGSP369 
SGSP381 
SGSP382 
SGSP422 
SGSP461 
SGS462 
SGSP463 
SGSP464 
SGSP465 
SGSP466 
SGSP467 
SGSP469 
SGSP471 
SGSP472 
SGSP474 
SGSP475 
SGSP476 
SGSP477 
SGSP479 
SGSP481 
SGSP482 
SGSP491 
SGSP492 
SGSP514 
SGSP512 
SGSP516 
SGSP517 
SGSP519 
SGSP530 
SGSP531 
SGSP532 
SGSP561 
SGSP562 
SGSP563 
SGSP564 
SGSP565 
SGSP566 
SGSP567 


‘SGSP569 


SGSP571 
SGSP572 
SGSP573 
SGSP574 
SGSP577 
SGSP579 
SGSP581 
SGSP582 
SGSP591 
SGSP592 
TNO106N2 
TNO110N2 
TNO520N2 


HARRIS 


REPLACEMENT 


TYPE 


IRF632 
IRF820 
RFP15N06 
RFP15N05 
IRF821 
IRF722, 
IRF723 
IRF522 
IRF522 
IRF823 
IRF521 
IRF521 
RFP15N05 
RFP18N08 
IRF831 
IRF730 
IRF731 
RFP12N20 
IRF830 
RFP25N06 
RFP25N05 
RFH45NO08 
RFH35N10 
RFH35N08 
RFH12N35 
RFH10N45 
RFH12N40 
RFH12N35 
RFH12N35 
RFH10N50 
RFH35N10 
RFH35N08 
RFH10N45 
RFH12N40 
RFH12N35 
RFH25N20 
RFH10N50 
RFH35N08 
RFH35N08 
RFH45N06 
RFH45N05 
IRF120 
IRF120 
IRF331 
IRF232 
IRF420 
IRF421 
IRF322 
IRF323 
RFM18N10 
RFM18N08 
IRF353 
IRF431 
IRF330 
IRF331 
RFM12N20 
IRF430 
RFK35N10 
RFK35N08 
IRF351 
RFM10N45 
RFH25N20 
RFM10N50 
RFK45N06 
RFK45N05 


RFK45NO06 | 


RFK45N05 


RFL1N08 


RFL1N10 
RFL1N20 
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HARRIS HARRIS HARRIS 

INDUSTRY REPLACEMENT INDUSTRY REPLACEMENT INDUSTRY REPLACEMENT 

TYPE TYPE TYPE TYPE TYPE TYPE 

UNF 120 IRF120 UFN623 IRF623 VN10KE IRFF113 

UNF121 IRF121 UFN630 IRF630 VN30AB RFL2NO5 

UNF 122 IRF122 UFN631 IRF631 VN35AA IRF513 

UNF123 IRF123 UFN632 IRF632 VN35AB RFL2NO05 

UNF 130 IRF 130 UFN633 IRF633 VN35AK RFL2NO5 

UNF 131 IRF131 UFN641 IRF641 VN40AD IRF513 

UNF 132 IRF132 UFN643 IRF643 VN46AD IRF513 

UNF 133 IRF133 UFN710 IRF722 VN64GA IRF133 

UNF150 IRF150 UFN711 IRF723 VN66AD IRF513 

UNF151 IRF151 UFN712 IRF722 VN66AK RFL2NO6 

UNF 152 IRF152 UFN713 IRF723 VN67AA IRF513 

UNF153 IRF153 UFN720 IRF720 VN67AB RFL2NO6 

UNF220 IRF220 UFN721 IRF721 VN67AD IRF513 

UNF221 IRF221 UFN722 IRF722 VN67AK RFL2NO6 

UNF222 IRF222 UNF723 IRF723 VN88AD IRF510 

UNF223 IRF223 UFN730 IRF730 VN89AB RFL1NO8 

UFN230 IRF230 UFN731 IRF731 VN89AD IRF512 bu 
UFN231 IRF231 UFN732 IRF732 VNS0AA IRF512 = 
UNF232 IRF232 UFN733 IRF733 VNSOAB RFL1N10 = 
UFN233 IRF233 UFN820 IRF820 VN98AK RFL1IN10 on 
UFN240 IRF240 UFN821 IRF821 VNS9AA IRF512 ea = 
UFN241 IRF241 UFN822 IRF822 VNS9AK RFLIN10 >= 
UFN243 IRF243 UFN823 IRF823 VNO104N2 RFL1NO8 = An 
UFN250 IRF250 UFN830 IRF830 VNO104N5 IRF513 = 
UFN251 IRF251 UFN831 IRF831 VNO106N2 RFL1INO8 a. 
UFN252 IRF252 UFN832 IRF832 VNO1O6N5 IRF513 oc 
UFN253 IRF253 UFN833 IRF833 VNO109N2 RFLIN10 

UFN320 IRF320 UFNF432 IRFF432 VNO109N4 IRFF112 

UFN321 IRF321 UFNF433 IRFF433 VNO109N5 RFP2N10 

UFN322 IRF322 UFNF110 IRFF110 VNO110N2 IRFF112 

UFN323 IRF323 UFNF111 IRFF1114 VNO110N5 IRF512 

UFN330 IRF330 UFNF112 IRFF112 VNO114N2 IRFF223 

UFN331 IRF331 UFNF113 IRFF113 VNO114N5 IRF611 

UFN332 IRF332 UFNF120 IRFF120 VNO116N2 RFLIN18 

UFN333 IRF333 UFNF121 IRFF121 VNO116N5 RFP2N18 

UFN350 IRF350 UFNF122 IRFF122 VNO120N2 RFLIN20 

UFN351 IRF351 UFNF123 IRFF123 VNO120N5 RFP2N20 

UFN352 IRF352 UFNF130 IRFF130 VNO204N2 RFL2N05 

UFN353 IRF353 UFNF131 IRFF131 VNO204N5 IRF513 

UFN420 IRF420 UFNF132 IRFF132 VNO206N2 RFL2NO6 

UFN421 IRF421 UFNF133 IRFF133 VNO206N5 IRF513 

UFN422 IRF422 UFNF210 IRFF210 VNO210N2 RFL1N10 

UFN423 IRF423 UFNF211 IRFF211 VNO210N5 IRF512 

UFN430 IRF430 UFNF212 IRFF212 VNO215N2 IRFF231 

UFN431 IRF431 UFNF213 IRFF213 VNO215N5 IRF633 

UFN432 IRF432 UFNF220 IRFF220 VNO216N2 RFL1N18 

UFN433 IRF433 UFNF221 IRFF221 VNO216N5 RFP2N18 

UFN450 IRF450 UFNF222 IRFF222 VNO220N2 RFL1N20 

UFN451 IRF451 UFNF223 IRFF223 VNO220N5 RFP2N20 

UFN452 IRF452 UFNF230 IRFF230 VNO300B RFL2NO5 

UFN453 IRF453 UFNF231 IRFF231 VNO300D RFP4N05 

UFN510 IRF510 UFNF232 IRFF232 VNO330N1 IRF353 

UFN511 IRF511 UFNF233 IRFF233 VNO330N2 IRFF331 

UFNS12 IRF512 UFNF320 IRFF320 VNO335N1 IRF323 

UFN513 IRF513 UFNF321 IRFF321 VNO335N2 IRFF323 

UFN520 IRF520 UFNF322 IRFF322 VNO335N5 IRF723 

UFN521 IRF521 UFNF323 IRFF323 VNO340N1 IRF320 

UFN522 IRF522 UFNF330 IRFF330 VNO340N2 IRFF322 
UFN5S23 IRF523 UFNF331 IRFF331 VNO340N5 IRF322 

UFN530 IRF530 UFNF332 IRFF332 VNO345N1 IRF421 

UFN531 IRF531 UFNF333 IRFF333 VNO345N2 IRFF423 

UFN532 IRF532 UFNF420 IRFF420 VNO345N5 IRF823 

UFN533 IRF533 UFNF421 IRFF421 VNO350N1 IRF420 

UFN610 IRF610 UFNF422 IRFF422 VNO350N2 IRFF422 

UFN611 IRF611 UFNF423 IRFF423 VNO350N5 IRF822 

UFN612 IRF612 UFNF430 IRFF430 VNO400A RFM15N05 

UFN613 IRF613 UFNF431 IRFF431 VNO400D RFP15N05 

UFN620 IRF620 UFNF432 IRFF432 VNO401A RFM15N05 

UFN621 IRF621 UFNF433 IRFF433 VN0401D RFP15N05 

UFN622 IRF622 VM1210N1 RFM12N10 VNO430N1 IRF351 
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INDUSTRY 
TYPE 


VN0435N1. 
VNO440N1 
VNO445N1 
VNO450N1 
VNO545N2 
VNO600A 
VNO600D 
VNO601A 
VNO0601D 
VNO800A 
VNO800D 
VNO801A 
VNO0801D 
VN1000A 
VN1000D 
VN1001A 
VN1001D 
VN1106N1 
VN1106N2 
VN1106N5 
VN1110N1 
VN1110N2 
VN1110N5 
VN1116N1 
VN1116N2 
VN1116N5 
VN1120N1 
VN1120N2 
VN1120N5 
VN1156N1 
VN1156N2 
VN1156N5 
VN1200A 
.VWN1200D 
VN1201A 
VN1201D 
VN1204N1 
VN1204N2 
VN1204N5 
VN1206B 
VN1206D 
VN1206N1 
VN1206N2 
VN1206N3 
VN1210N2 
VN1210N5 
VN1215N1 
VN1215N2 
VN1215N5 


HARRIS 


REPLACEMENT 


TYPE. 


IRF351 
IRF350 
IRF451 
IRF450 
IRFF423 
RFM25NO06 
RFP25NO06 
RFM15NO06 
RFP15NO06 
RFM18N08 
RFP18N08 
RFM12N08 
RFP12N08 
IRF130 
IRF530 
IRF132 
IRF532 

IRF 121 
IRFF111 
IRF511 

IRF 122 
IRFF130 
IRF522 
IRF222 
IRFF222 
IRF613 - 
IRF222 
IRFF212 
IRF612 
IRF231 
IRFF231 
IRF631 
RFM15N12 
RPF15N12 
RFM15N12 
RFP15N12 
IRF121 
IRFF121 
IRF521 
RFL1N12 
RFP2N12 
IRF121 
IRFF121 
IRF521 
IRFF120 
IRF520 
IRF241 
IRFF231 
IRF641 
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INDUSTRY 
TYPE 


VN1216N1 
VN1216N2 
VN1216N5 
VN1220N1 
VN1220N2 
VN1220N5 
VN1304N2 
VN1306N2 
VN1310N2 
VN1315N2 
VN1320N2 
VN1706B 
VN1706D 
VN2345N1 
VN2345N5 
VN2350N1 
VN2350N5 
VN2406B 
VN3S00A 
VN3500D 
VN3501A 
VN3501D 
VN4000A 
VN4000D 
VN4001A 
VN4001D 
VN4501A 
VN4501D 
VN4502A 
VN4502D 
VN5001A 
VN5001D 
VN5002 
VN5002A 
VN5002D 
VP0104N2 
VP0104N5 
VP0O106N2 
VPO106N5 
VPO109N5 
VPO204N2 
VP0204N5 
VPO206N2 
VPO206N5 
VP0210N2 
VP1106N1 
VP1106N5 
VP1110N1 
VP1110N5 


HARRIS 


REPLACEMENT 


TYPE 


IRF220 
IRFF220 
IRF620 
IRF220 
IRFF220 
IRF620 
RFL1NO8 
RFL1NO8 
RFLIN10 
IRFF213 
IRFF212 
RFL1N18 
RFP2N18 
RFM6N45 
RFP6N45 
RFM6N50 
RFP6N50 
IRF723 
RFM7N35 
RFP7N35 
IRF331 
IRF731 
RFM7N40 
RFP7N40 
IRF330 
IRF730 
RFM6N45 
RFP6N45 
IRF431 
IRF831 
RFM6N50 
IRF430 
RFP6N50 
IRF430 
IRF830 
RFL1P08 
RFP2P08 
RFL1P08 
RFP2P08 
RFP2P08 
RFL1P08 
RFP2P08 
RFL1P08 
RFP2P08 
RFL1P10 
RFM6P08 
RFP6P08 
RFM6P10 
RFP6P10 
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INDUSTRY 
TYPE 


ZVN0102B 
ZVNO0102L 
ZVN0106B 
ZVNO106L 
ZVN0108B 


ZVNO108L | 


ZVN2104B 
ZVN2104L 
ZVN2106B 
ZVN2106L 
ZVN2110B 
ZVN2110L 
ZVN2202B 
ZVN2202L 
ZVN2202M 
ZVN2204B 
ZVN2204L 
ZVN2204M 
ZVN2206B 
ZVN2206L 
ZVN2206M 
ZVN2208B 
ZVN2208L 
ZVN2208M 
ZVN2210B 
ZVN2210L 
ZVN2210M 
ZVN2215B 
ZVN2215L 


ZVN2215M 


ZVN2220B 
ZVN2220L 
ZVN2220M 
ZVP0102B 
ZVP0102L 
ZVP2104B 
ZVP2104L 
ZVP2106B 
ZVP2106L 
ZVP2202L 
ZVP2202M 
ZVP2204L 
ZVP2204M 
ZVP2206L 
ZVP2206M 
ZVP2208M 
ZVP2210M 
ZVP2215L 
ZVP2215M 


HARRIS 


REPLACEMENT 


TYPE 


IRFF113 
IRF513 
RFL1N08 
RFP2N08 
RFL1NO8 
RFP2NO08 
IRFF113 
IRF513 
IRFF113 
IRF513 
RFL1N10 
RFP2N10 
IRFF123 
IRF523 
IRF123 
IRFF123 
IRF523 
IRF 123 
IRFF123 
IRF523 
IRF 123 
IRFF112 
IRF512 
IRF122 
IRFF112 
IRF512 
IRF122 
IRFF213 
IRF613 
IRF223 
IRFF212 
IRF612 
IRF222 
RFL1P08 
RFP2P08 
RFL1P08 
RFP2P08 
RFL1P08 
RFP2P08 
RFP6P08 
RFM6P08 
RFP6P08 
RFM6P08 
RFP6P08 
RFM6P08 
RFM6P08 
RFM6P10 
RFPSP15 
RFM5P15 
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Advanced Power MOS 
Current Limiting MOSFETs 


Features: 


* Current Limits to a Pre-Set Level in a Shorted Load 
Condition 

¢ Monolithic Device Incorporates a Bipolar Transistor, 2 
Resistors, a Zener Diodes and a Power MOSFET 

¢ ESD Protected to 2kV 

° "Logic-Level” Gate Input Allows Fully on Condition at 5V 


Maximum 
Ratings 


Terminal Diagram 
BVpss | !DS(LIM)|"DS (ON)| ESD 
MLE] Ga | roze0 
Is ee RLP1NO8LE 
pee | RLP5NO8LE 


Voltage Clamping, Current Limiting MOSFETs 


Features: 


¢ Current Limits to a Pre-Set Level in a Shorted Load 
Condition 

* Monolithic Device Incorporates a Bipolar Transistor, 
2 Resistors, 2 Zener Diodes and a Power MOSFET 

° Excessive Drain-Source Voltage Clamped by Active 
Region Turn-On 
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Maximum 
Terminal Diagram Ratings 


BV | r ESD 
Pw | a 


Ts [1 [ers 


Current Sensing MOSFETs 


Features: 


¢ Built-In Current Sensing Function to be Used as a Feed- 
Back Signal for Control and/or Protection 


° Low ROS(ON) = 0.1Q 
¢ Current Stale Ratio = 1560: 2.5% 
¢ Avalanche Energy Rated for Ruggedness 


Maximum 
Ratings 
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Terminal Diagram D 


MOSFETs 


Logic Level Product Series 
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P-Channel 


*More complete ruggedness capability now specified; UIS current vs time in avalanche graph on data sheet 


Power MOSFETs 
Rugged and Standard IRF-Series Power MOSFETs 


The Rugged Series of Power MOSFETs are designed, tested and guaranteed to withstand a specified level of 
circuit induced electrical stress in the breakdown avalanche mode of operation. These are n-channel 
enhancement mode polysilicon gate power field effect transistors designed for applications such as switching 
regulators, switching converters, motor and relay drivers and drivers for high power bipolar switching transistors 
requiring high speed and low gate drive power. 


Using state-of-the-art integrated circuit processing techniques these Rugged MOSFETs provide superior 
performance in inductive switching applications. The design is optimized to suppress the parasitic bipolar 
transistor and improve system reliability. These types can be driven directly from integrated circuits. 


Rugged Series devices are identified by the suffix letter R following the type number. 


Features: 


¢ Single Pulse Avalanche Energy Rated 
* SOA is Power Dissipation Limited 

¢ Nanosecond Switching Speeds 

¢ Linear Transfer Characteristics 

° High Input Impedance 

¢ Allows Reduced Protection Circuitry 

¢ Reduced Drive Requirements 

* Increased System Reliability 
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N-Channel Power MOSFET 


Junction Diagram Showing 
Cross Section of Chip Structure Biasing Arrangements Schematic Symbol 
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aE So Ss cl SAR MONDO 2 ee IRE RONGO oe Sy |e 
}300] IR QBQ(R) | IRFBQ(R) PO 
Ra ae UA i ae 
F300: fe IRPASO(R) 2) RBS 0(R) eh 
PNR ec a we IU 
NR] | URFMGNSO [| UCC RFPONSO TP 
NN a A) a ee SA AUR a ee 
[AB a ee IRE RA (R) fn 
[510] 


IREAQO (RY x) SIR OAOIR) eee 
po IRPAZO(R) | 
Re sg UAB a a ee ee 


RFMiONSO | REMIONSO PO 
= ae ses a ge ee el 
11.01 0.5 | 8607 AS 200A) Se tN ee ee ee ee ee 
0 a 
po IRF 45 0(R) | 


ee COj™ nN CO 
fe C Did ‘= OS ~ © 
(oe) 
Oo 
Oo 
N 
oN 
ai 


IRF462 
fee ee 
IRF460 


obPlobl. 
“IN 

ah 

8 
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Package 


Maximum Ratings 


Pet bs] apelissl rosme | rose | ros: | rose | rome | tos | roe | wows | senor 
A TO-205AF TO-204 TO-251 TO-252 TO-220AB TO-247 TO-218 4 PIN DIP 


N-Channel 


eoov|_ 5.4] 16 |570| = | IRFAC42R | | CC RFBCAAR | 
Ra 1 a A Naas (meme (eee OmeTeS | =| 3-10 {1 ; EN (Een (Cae eee 
Gio 22 =| 00 fe a | SIRACAO Rs in BOSON so 

GO fe A 28 AN a ag a CRO ea 

se eRe Nae RM a ll se at ee Ag eae 

eet GS 715 :) ee ee ae eee, 

fs SREPAN100). fe 


* More complete ruggedness capability now specified; UIS current vs time in avalanche graph data sheet 
= indicates Developmental Products - N.R. Not Rated for UIS capability - **QPL Approved Types 
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Package 


Maximum Ratings 


Poe bs Parola] tomer | rose | roa | rose | ross | toate | wows | sono 
A TO-205AF TO-204 TO-251 TO-252 TO-220AB TO-218 __4PIN DIP 


P-Channel 


50V 8.0/1 03 |NR| [| | _REFD8PO05 RFD8P05SM RFP8P05 
(15.0| 0.15 |NR| | ‘| REDI5P05 RFD1I5P05SM | RFEP15P05 
f30.0/ 0.065 [NR] | REP BOP OS 


as ees eens 
re ws 
REGSOPOS = f= 


RFP6P08 
RFP8P08 
RFP12P08 


RFM6P08 
RFM8P08 


RFM12P08 
25.01 0.15 |NR| sss] 3S RFK25P08 


100V{_0.7 | 1.2 [190] 
(4.01 06 [370] | 
| 1.0 | 3.65 | NR] RFLIP1 

. 01 3.5 | 


(60.01 0.026 |NR| | | RFG6OPOSE [| ss Tr 
6ov | o6 | 16 [190]} | | PF rrrr—CS IRE DIB 

(os | og [370] | | | CC IRE D 9123 

. 125] 19 [190] | | IRF9513 eee eee 
(30) 12 [i90i, [| | IRF9511 ee een srca cae pemtl aces ase 
| 35] 08 |370| IRFF9123 | | Mie ee Sa ee Og ee 
| | 40{[ 06 [370[ IRFF9121 [ | Be ee ee rc eal 
. 15.0] 08 {370} | | IRF9523 Pe ne i ee et 
0 00/ IRFF9133 [| if fecarpecaeticee Me ee se ee 
 ~=160) 06 {370} #| | IRF9521 Pi ee os oe eta 
65] 03 [500/ IRFF913i1 [ | Eee EE eee 
| 10.0| 0.4 | 500 | IRF9533 pe NS ge 
1120/03 {500| | _IRF9131 IRF9531 foe ate ee ON ee ee ee eel 
(15.0| 0.3 [960] | IRF9143 IRF9543 Pe aoe ce Se i a es 
(16.0/ 03 [960| | IRFP9143) [| | rrr— (es 
(19.0| 02 |960| (| _IRF9141 IRF9541 IRFP9144_ | iC s—sd 
| 25.0| 0.145 [1300] ss |. ~——sSIRF 9451 IRFP9151 | | 
|30.0/.0.075 |NR[ RFEP30P06 RFG3OPO6 | = | rr—“—sCS—C—C—C—C—s—sYC(<;'C—Cisi‘CSCSCisdz 
|60.0;.0.030 |NR[ ss RFG6OPOGE | si CT ri (Cd CC‘ 
iis eee a (ann, ee aarCy 
TNR[ RFP2P08 De en ee es ee 
ee = Ne ee ee al 
R= oes | 


| RFH25Po8 [| ss CT t—“(;i‘“C;CsCSCSCisS 
Pp t—“‘aLSUUUCT IRFD9110 
IRFD9120 


RFP2P10 


IRF9512 
| 3.5 | IRF9510 
| 401 06 [370] IRFF9120 | 

| 5.0 | 0.8 | 370. 


(6.0] 06 1370] | 


IRF9522 


PRODUCT PROFILES 


NAN 


jauueUy-d 


SLAASOW 


Package 


Maximum Ratings 


on: ne a eS ey eee ae 
TO-205AF TO-204 TO-251 TO-252 TO-220AB TO-247 TO-218 4 PIN DIP 


P-Channel 


100V i es 
(cont)|_8.0 | 0.3 | 500| _IRFF9130 -_| Eas (FE es ee er DeLee 
ee ee 
10.01 04 | 600] | IRF OW82 ff} RF 9592 
112.0] 03 | 500| | IRF91390_ [| = = =f RFOS30_ Of 
112.0] 03 [| NR} | RFMi2Pi0 | | RPU2PI. | 
115.0] 0.3 | 960] =| IRF9142_ | IRF SAA 
(16.0/ 03 | 960} 
[19.0] 02 [960] oo | IRF9140_ [| CC IRF9540_ | IRFP9140_| 
25.0] 0.15 [1300] = | RFS Of RFP 9150 | 
aera Saar 


| 25.0| 0.15 | NR| Ss RFK25PIO | Pp RF 25P10 
120V{_5.0| 1.0 |NR{| sss} RFMSP12 | | RPSPID | 
25 PNR} BMtOP 12 ft RP HOP Te Ff 
150V/0.45/ 24 | 290] Yn IR 9203 
So a ee ee, OEE eee: eee 
po 2 Be 200 |= O22 Ye ne ee 
2 Me 20 es hee IRE 28 nee 
pee CAC OO. a8 A 8 as oN are se NN IRE OG 2K es 8 = ee 
pO 2500 REPO 238 a ee ee 
ee 0028-55001) 2s WAR O2o ta i ee ee 
| 0.0) 1.0 e INA Ce RPM5P IS RPP 15 
15.51 12 | 500/ | IRF9233 | CT RFQ6BB Of 
B25 }0 08 nol S500 |e ee | EOS NS ee ee IREOG SI. [2 Ne 
| 9.0} 0.7 | 790] | IRFo243 | RF 9G4B 
10.0 20.5 NR fo co APMAQPI5 8 | REPAOP 15 fe 
[M0 Qs 700 a ee ee REP 9249 a 
49.0) 0.6- 1790 |---| IRR 9244 RG a 
12,0 ie 01S 1700 [=e ee IRB 924 1 ee 
200V a a a a ea eee ee ee 


pee NOD IV Oe an i ee 
Peet PERO 220 22 ri Seg ee ee i 
[290] 


| 3.0} 2.4 | po R622 | 
PS OO a ee 9620 i aa) ee eee epeeeren we) 
13.5 { 1.2 | 500| IRFF9232 | | Ss re, Sa seer Leeann, 
e021 10,8 15001 JREES2SO ne ef 


eon A215 00 = nt = a NRE 0 2 ee ARC ee a 
16.5] 08 | 500} | | IRF9239 | = | | RF963Q | 
| 9.0] 0.7 |790| =| _IRFo242,— | CRF G42 
110.0] 0.7 {790} | ff IR O242 
41.0}. 05 {| 790]  - | IRFo2z49 [| = = | Ss RFOG4O | 
112.0/ 05 | 790} 8 = = | ff RP O24 TO 
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MOSFETs 
JEDEC N-Channel JEDEC P-Channel 


Package 


Maximum Ratings 


ssl tos 
TO-206AF TO-204 
0.25 2N6755 
0.08 2N6763 


2N6782"* 
2N6788* 
2N6796" 


Maximum Ratings 


TO “290°. TO- 4 


2N6895 


2N6849 


2N6756* 
2N6764* 


2N6790* 
~ 2N6798* 


2N6758* 
2N6766* 


ie] 
Lud 
= 
LL. 
i=] 
cc 
a. 
— 
qo 
—_ 
aA 
Oo 
ce 
a. 


2N6786" 

2N6792"* 

2N6800" 
2N6760* 
2N6768"* 


2N6761 
2N6769 


2N6794" 

2N6802" 
2N6762* 
2N6770* 


* QPL Approved Types 
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IGBTs 


Combines the characteristics of a power MOSFET, a 
bipolar transistor. 


Cross Section Of Chip Structure 


POLY- 
ALUMINUM GATE SILICON 


Features: 


¢ Voltage Gated Requires small gate power. Similar to 
standard power MOSFET 


° Turn Off _ Turns off when gate drive is removed 
* On-State Nonlinear. 


Voltage Drop . Temperature independent. Unlike the 
typical 2X variation of a power P+ (100) SUBSTRATE 


N- EPITAXIAL 
LAYER 


DRAIN N+ EPITAXIAL LAYER 


¢ Turn-On Speed Fast! Comparable to a standard 


power Mvene Junction Diagram Showing 
* Tum-Off Speed = Comparable to a bipolar transistor. Biasing Arrangements 


Schematic Symbol 


C 


Comparisons 


Cost Comparison - 1K Price Less Size Comparison - 500V, 15A Capability 
Than Half the MOSFET Price! | 


$4.83 


BIPOLAR 


MOSFET 


400VN0A 400VA0A 400VA2A 0 150 240 350 


Performance; I/V Characteristic-N-Channel 
RDS(ON) Performance Comparison MOSFET vs. IGT 


(Same Size Dies) 


IGT 


P-CHANNEL HGTPION40E1 


MOSFETs 


N-CHANNEL . 
MOSFETs 


Cc] Tt 


CURRENT (2A/DIV) 


MOSFET 
RFPAN4O 
10 100 
DRAIN-SOURCE VOLTAGE (V) 
ON-STATE VOLTAGE DROP-V ss pson) 
(800m V/OIV) 


3-18 


IGBTs 


SI1dOUd LINGOYd 


HGTAS2N60E2 


HGTD6N40E1S 
HGTD10N40F1S 


HGTD6N50E1S 
HGTD10N50F1S 


HGTD6N40E1 
HGTD10N40F1 
HGTD6N50E1 

HGTD10N50F 1 


HGTH12N40E1 
HGTH12N40C1 
HGTH20N40E1 
HGTH20N40C1 
HGTH12N50E1 
HGTH12N50C1 
ee 
HGTH20N50C 


HGTG24N60D1 
HGTG32N60E2 
HGTG20N100D2 
HGTG34N100E2 
HGTG20N120D2 
HGTG30N120E2 


= = -irT -h 
WW }O Lu} © lu} © 
olo ole olo 
Tiz tis LD | LO 
ate ziz z\/= 
o/|o LN | i lo] LO 
=_ir rie Tir 
a1. o.; a a}o 
el ee md Lo | 
O10 O1O o|o 
ae be a xix xix 


Maximum Ratings 
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IGBTs w/ Integral Reverse Diode 


Sas a a 
(Vv) | (A) | (A) TO-220AB TO-218AC TO-247 

Pa Pee ee 
of 12 | 42 | Hareionsoriy | 
(10|17.5] 1.0 | HGTPiON40EID | — C—‘“‘CSC‘idz 

| 05 | H@TPION4OCID | | | 

pO5 | = i“(i”™~SCS™C™~™~C~*dCXCHG@THVQ2NZOCID | —(sCsCSCsidC 

es ee eee 
rt fos |__| watHaoneoci> | 

re [7s[ 40 | HGTPeNSOEID. | CT OOS 
}10[12| 12 | HGTPIONSOFiID) {os |i 

| 0.5 | HGTPIONSOCID | ss || ——“iti‘—CSCsCisS 

be 175,10] | HGTHI2N5O0EID | sd 
oo 
——————————— 
p05] |= HGTH20N50C1D_ | HGTG20N50C1D__| 
1 
eS. 


NOTES: 

1. I¢go =maximum continuous current rating at Te = 90°C 
2. Ion = Maximum pulsed current rating 

3. tt measured at To = 150°C 


IGBTs w/ Current Sensing 


Maximum Ratings 


BVccet boo] kw] t | 
| 600 | 12| 40| 1.0 | HaTBt2NeoDIC _ 
eo aa 


NOTES: 

1. I¢gg =maximum continuous current rating at To = 90°C 
2. Iom = maximum pulsed current rating 

3. tt measured at To = 150°C 
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OWER MOSFETs 


BEET Ms at SED OW LOS ROE Gt ERY MRE AR OR CR ARSE OUT SET RS Be Ey ERE PT LTE RR OE ARP ON SR OR MS RR ha BEN 


re a tes aa CUE 
ee ae 


N-CHANNEL POWER MOSFETs 


DATA SHEETS PAGE 

2N6755, 2N6756 N-Channel Enhancement-Mode Power Field-Effect Transistors............... 4-5 

2N6757, 2N6758 N-Channel Enhancement-Mode Power Field-Effect Transistors............... 4-9 

2N6759, 2N6760 N-Channel Enhancement-Mode Power Field-Effect Transistors............... 4-13 

2N6761, 2N6762 N-Channel Enhancement-Mode Power Field-Effect Transistors............... 4-17 

2N6763, 2N6764 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors .......... 4-21 

2N6765, 2N6766 N-Channel Enhancement-Mode Power Field-Effect Transistors............... 4-25 

2N6767, 2N6768 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors .......... 4-29 

2N6769, 2N6770 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors .......... 4-33 

2N6782 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-37 

2N6784 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-42 

2N6786 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-47 2 
2N6788 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-52 ool LU 
2N6790 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-57 = 
2N6792 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-62 a - 
2N6794 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-67 uu 
2N6796 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-72 = = 
2N6798 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-77 = 
2N6800 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-82 

2N6802 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor........... 4-87 

BUZ11 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-92 

BUZ20 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-96 

BUZ21 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-100 

BUZ32 N-Channel Enhancement-Mode Power Field-Effect Transistor................ » 4-105 

BUZ351 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-110 

BUZ41A N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-114 

BUZ42 | N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-118 

BUZ45 N-Channel Enhancement-Mode Power Field-Effect Transistor......... Sy abacaons 4-123 

BUZ45A N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-127 

BUZ45B N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-131 

BUZ60 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-135 

BUZ60B N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-139 

BUZ71 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-143 

BUZ71A N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-148 

BUZ72A N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-153 

BUZ73A | N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-157 

BUZ76 N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-161 

BUZ76A N-Channel Enhancement-Mode Power Field-Effect Transistor................ 4-165 

IRF120, IRF121, IRF122, IRF123 N-Channel Enhancement-Mode Power Field-Effect Transistors............... 4-169 
IRF130/131/132/133, IRF130R/ N-Channel Power MOSFETs Avalanche Energy Rated" .................05. 4-174 
131R/132R/133R 

IRF140/141/142/143, IRF140R/ N-Channel Power MOSFETs Avalanche Energy Raled” ..44 4.60 aseerd dak’ aed 4-179 
141R/142R/143R | 

IRF150/151/152/153, IRF150R/ N-Channel Power MOSFETs Avalanche Energy Rated*.................... 4-184 
151R/152R/153R 

IRF220, IRF221, IRF222, IRF223 N-Channel Enhancement-Mode Power Field-Effect Transistors............... 4-189 
IRF230/231/232/233, N-Channel Power MOSFETs Avalanche Energy Rated* ................005. 4-194 


IRF230R/231R/232R/233R 
* R Suffix Types Only 
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N-CHANNEL POWER MOSFETs continued) 


DATA SHEETS 
IRF234, IRF235, IRF236, IRF237 
IRF240/241/242/243, 
IRF240R/241R/242R/243R 
IRF244, IRF245, IRF246, IRF247 


IRF250/25 1/252/253, 
IRF250R/251R/252R/253R 
IRF254, IRF255, IRF256, IRF257 
IRF320, IRF321, IRF322, IRF323 
IRF330/33 1/332/333, 
IRF330R/331R/332R/333R 
IRF340/341/342/343, 
IRF340R/341R/342R/343R 
IRF350/35 1/352/353, 
IRF350R/351R/352R/353R 
IRF360, IRF362 

IRF 420, IRF421, IRF 422, IRF423 
IRF 430/43 1/432/433, 
IRF430R/431R/432R/433R 

IRF 440/44 1/442/443, 
IRF440R/441R/442R/443R 


IRF450/45 1/452/453, 
IRF450R/451R/452R/453R 


IRF460, IRF462 


IRF510/51 1/512/513, 
IRF510R/511R/512R/513R 
IRF520/52 1/522/523, 
IRF520R/521R/522R/523R 
IRF530/53 1/532/533, 
IRF530R/531R/532R/533R 
IRF540/54 1/542/543, 
IRF540R/541R/542R/543R 
IRF610/61 1/612/613, 
IRF610R/611R/612R/613R 
IRF620/62 1/622/623, 
IRF620R/621R/622R/623R 
IRF624, IRF625, IRF626, IRF627 
IRF630/63 1/632/633, 
IRF630R/631R/632R/633R 
IRF634, IRF635, IRF636, IRF637 
IRF640/64 1/642/643, 
IRF640R/641R/642R/643R 
IRF644, IRF645, IRF646, IRF647 
IRF710/711/712/713, 
IRF710R/711R/712R/713R 
IRF720/721/722/723, 
IRF720R/721R/722R/723R 
IRF730/731/732/733, 
IRF730R/731R/732R/733R 
IRF740/74 1/742/743, 
IRF740R/741R/742R/743R 
IRF820/82 1/822/823, 
IRF820R/821R/822R/823R 
IRF830/83 1/832/833, 
IRF830R/83 1R/832R/833R 
IRF840/84 1/842/843, 
IRF840R/841R/842R/843R 
IRFAC40R/42R 
IRFBC40R/42R 
IRFD110/111/112/113, 
IRFD110R/111R/112R/113R 
IRFD120/121/122/123, 
IRFD120R/121R/122R/123R 


* R Suffix Types Only 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Enhancement-Mode Power Field-Effect Transistors............... 


N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 
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N-Channel Enhancement-Mode Power Field-Effect Transistors............... 


N-Channel Power MOSFETs Avalanche Energy Rated’ 
N-Channel Power MOSFETs Avalanche Energy Rated” 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated" 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 
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ee ee ee © we ewe wo we we we we wee ww 
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N-Channel Enhancement-Mode Power Field-Effect Transistors............... 


N-Channel Power MOSFETs Avalanche Energy Rated” 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated’ 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated’ 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 
N-Channel Power MOSFETs Avalanche Energy Rated . 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 
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PAGE 
4-199 
4-204 


4-209 
4-214 


4-219 
4-224 
4-229 
4-234 
4-239 
4-244 
4-249 
4-254 
4-259 
4-264 


4-269 
4-274 


4-279 
4-284 
4-289 
4-294 
4-299 


4-304 
4-309 


4-314 
4-319 


4-324 
4-329 


4-334 
4-339 
4-344 
4-349 
4-354 
4-359 

4-364 
4-370 
4-376 


4-381 


N-CHANNEL POWER MOSFETS ccontinuea) 


DATA SHEETS 

IRFD1Z0, IRFD12Z1, IRFD1Z2, 
IRFD12Z3 

IRFD210/21 1/212/213, 
IRFD210R/211R/212R/213R 
IRFD220/22 1/222/223, 
IRFD220R/221R/222R/223R 
IRFD2Z0, IRFD221, |RFD2Z2, 
IRFD2Z3 

IRFD310/31 1/312/313, 
IRFD310R/311R/312R/313R 
IRFD320/32 1/322/323, 
IRFD320R/321R/322R/323R 
IRFF110/111/112/113, 
IRFF110R/111R/112R/113R 
IRFF 120/121/122/123, 
IRFF120R/121R/122R/123R 
IRFF130/131/132/133, 
IRFF130R/131R/132R/133R_, 
IRFF210/21 1/212/213, 
IRFF210R/211R/212R/213R 
IRFF220/22 1/222/223, 
IRFF220R/221R/222R/223R 
IRFF230/23 1/232/233, 
IRFF230R/231R/232R/233R 
IRFF310/31 1/312/313, 
IRFF310R/311R/312R/313R 
IRFF320/32 1/322/323, 
IRFF320R/321R/322R/323R 
IRFF 330/33 1/332/333, 
IRFF330R/331R/332R/333R 
IRFF 420/42 1/422/423, 
IRFF420R/421R/422R/423R 
IRFF430/431/432/433, 
IRFF430R/431R/432R/433R 


IRFP140R, IRFP141R, IRFP142R, 


IRFP143R 
IRFP150/151/152/153, 
IRFP150R/151R/152R/153R 


IRFP240R, IRFP241R, 
IRFP242R, IRFP243R 
IRFP244, IRFP245, IRFP246, 
IRFP247 


IRFP250/251/252/253, 
IRFP250R/251R/252R/253R 


IRFP254, IRFP255, 
IRFP256, IRFP257 
IRFP340R, IRFP341R, 
IRFP342R, IRFP343R 


IRFP350/351/352/353, 
IRFP350R/351R/352R/353R 


IRFP360, IRFP362 


IRFP440R, IRFP441R, 
IRFP442R, IRFP443R 


IRFP450/451/452/453, 
IRFP450R/451R/452R/453R 


IRFP460, IRFP462 
IRFPC40R, IRFPC42R 
IRFPG40, IRFPG42 


IRFR120, IRFR121, IRFU120, 
IRFU121 


IRFR220/22 1/222, 
IRFU220/22 1/222 


* R Suffix Types Only 


N-Channel Enhancement-Mode Power Field-Effect Transistors............... 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated" 
N-Channel Power MOSFETs Avalanche Energy Rated’ 
N-Channel Power MOSFETs Avalanche Energy Rated’ 
N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated” 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated. 
N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated” 


N-Channel Power MOSFETs Avalanche Energy Rated. 
N-Channel Power MOSFETs Avalanche Energy Rated. 


eooeeoerer eee ee ee we ee ew ew 


_ N-Channel Enhancement-Mode Power Field-Effect Transistors............... 


eeeoeeeeer see ee eee ee ee 


Cr ) 


oe eee et eee ee ee ee ew ww 


Cr ce 


Cr ee 


oes e © & 8s © @ © oe oe we we we ee we 


eeceeee es ee ee ee we wwe ew we 


Ce ee ee} 


Cr 


eevee eee ee ee we ee we eww ewe 


Ce ee 


Cr 


Cr 


oe eee ee + eee we wee we eH we ew 8 


High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistors .... 


N-Channel Power MOSFETs Avalanche Energy Rated. 


N-Channel Power MOSFETs Avalanche Energy Rated. 
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4-391 
4-396 
4-401 
4-406 
4-411 
4-416 
4-421 
4-426 
4-431 
4-436 
4-441 
4-446 
4-451 
4-456 
4-461 
4-466 
4-471 
4-476 
4-481 
4-486 
4-491 
4-496 
4-501 
4-506 


4-511 
4-516 


4-521 
4-526 
4-531 
4-537 
4-542 


4-547 


N-CHANNEL 
POWER MOSFETs 


N-CHANNEL POWER MOSFETs ccontinuea) 


DATA SHEETS 


IRFR320/321/322, 
IRFU320/321/322 
IRFR420/421/422, 
IRFU420/421/422 
RFL1NO8, RFL1N10 
RFL1N12, RFL1N15 
RFL1N18, RFL1N20 
RFL2NO5, RFL2NO6 
RFP2NO08, RFP2N10 
RFP2N12, RFP2N15 
RFP2N18, RFP2N20 
RFM3N45, RFM3N50, RFP3N45, 
RFP3N50 
RFP4N05, RFP4NO6 
RFL4N12, RFL4N15 


RFM4N35, RFM4N40, RFP4N35, 
RFP4N40 


RFP4N100 


RFM6N45, RFM6N50, RFP6N45, 
RFP6N50 
RFM7N35, RFM7N40, RFP7N35, 
RFP7N40 


RFM8N18, RFM8N20, RFP8N18, 
RFP8N20 


RFM10N12, RFM10N15, 
RFP10N12, RFP10N15 
RFH10N45, RFH10N50 
RFM10N45, RFM10N50 
RFM12N08, RFM12N10, 
RFP12N08, RFP12N10 
RFM12N18, RFM12N20, 
RFP12N18, RFP12N20 


RFH12N35, RFH12N40 
RFM12N35, RFM12N40 


RFD14NO05, RFD1 4NO5SSM, 
RFP14N05 , 


RFM15N05, RFM15N06, 
RFP15N05, RFP15NO06 


RFM15N12, RFM15N15, 
RFP15N12, RFP15N15 


RFD16N05, RFD16NO5SM 
RFM18NO08, RFM18N10, 
RFP18N08, RFP18N10 
RFP22N10 

RFP25NO05 

RFM25N06, RFP25NO6 
RFH25N18, RFH25N20 
RFK25N18, RFK25N20 
RFH30N12, RFH30N15 
RFK30N12, RFK30N15 
RFH35NO08, RFH35N10 
RFK35NO08, RFK35N10 
RFG40N10, RFP40N10 
RFH45N05, RFH45NO06 
RFK45N05, RFK45NO6 
RFP50N05, RFG5ONO5 
RFG75NO5E, RFH75NO5E 
RFA100NO5E_ 


N-Channel Power MOSFETs Avalanche Energy Rated................000. 
N-Channel Power MOSrels Avalanche Energy Rated...............0200: 


N-Channel eanaaceniont! Mode Power Field- Effect Tansitors bf elites eraraccise — 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 


N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 


High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistor... . 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 


N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 


N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
‘N-Channel Enhancement-Mode Power Field-Effect Transistors Te ee ere 


N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 


N-Channel Enhancement-Mode Power Field-Effect Transistors........... eg 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .... 


N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel epancement Mode Power Field-Effect Transistors.............. 


N-Channel Enhancement-Mode Power Field- Effect Transistors (MegaFETs) .... 
N-Channel Enhancement- Mode Power Field-Effect Transistors.............. 


N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET)..... 
N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET)..... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.............. 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .... 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .... 
N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET)..... 
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August 1991 


Features 

e 12A and 14A, 60V - 100V 

- © FDS(on) = 0.18 and 0.250. 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 

The 2N6755 and 2N6756 are n-channel enhancement-mode 
silicon-gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 


These types are supplied in the JEDEC TO-204AA steel package. 


2N6755 
2N6756 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


O 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


DralN=SOurce Voltage sie sd eden ees dee ee eee eS ieee cea es Bes Vos 
Drain-Gate Voltage (RGS = 2OKRQ).. 6. cece ee cece eee e eee eee ees VDGR 
Continuous Drain Current 
EG = B25 °C ini casludentesg Gan te ek Wi eiansecuy Vanes Nansen cea Ip 
TES PIOO9G ait Sonica tes Mette sam eude esl ei be mesa Ip 
Pulsed Drain Curent sacs. 6 6.cwsid dine ke Use nec tow ch went eae Pameetee es IDM 
Gate=SOurce Voltage aie vw ie ed cin etn eriwaineerew eee Oe ewan dean de ‘Ves 
Maximum Power Dissipation 
NG 2 4-25°G (Soe Fig. 11) ies vussee see ecceetsaterdasras see deka Pp 
TG = F1008C (See Fig: 11) i etccis aie cas een a hide kcdecean eaead Pp 
Linear Derating Factor (See Fig. 11) ...... cence cec ec cscescncsncsceees 
Inductive Current, Clamped ....... 2... cee cece ee eee cee eee eeee ILM 
(See Figures 1 and 2, L= 100,1H) 
Operating and Storage Junction Temperature Range............ Ty, TSTG 
Maximum Lead Temperature for Soldering ...........cecceccceceeeees TL 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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D 4 ta 

7.) 

z= © 

= = 

28 

G = om) 

eo. 

S 
2N6755 2N6756 UNITS 
60* 100* V 
60* 100* V 
12* 14* A 
8.0* 9.0* A 
25 30 A 
+20 +20 V 
75* 75* WwW 
30* 30* W 
0.6* 0.6* w/°C 
25 30 A 
-55 to +150* -55 to +150* 0C 
300* 300* oC 
File Number 1586.1 


Specifications 2N6755, 2N6756 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
Type [tye | Max. | Units | _—test Conditions = 


BVoss Orain — Source Breakdown Voltage | 2N6755 Ve6sg7=0 
2N6756 


Vgsith) Gate Threshold Voltage ALL | 2.0" | 


IGssp Gate — Body Leakage Forward 


IGssa - Gate — Body Leakage Reverse A 


8 
Twa [Vos= Mex Ratna Ves=0 
Tne 
Evel 


LL 
ALL 


Vv Static Drain-Source On-State 2N6755 
DS(on) Volts 
3 © 2N6756 


Ipss Zero Gate Voltage Drain Current 


Vos = Max. Rating, Vgs = 0, Tc = 125°C 


- | Rosion) Static Drain-Source On-State 2N6755 
Resistance ‘O) 
2N6756 


| 2n6755 | 
| 2N6756 | 
| 26755 | 
| | 2N6756_| 
poate 
EaAeee | 
es 
aes 


94, Forward Transconductance G) 
Ciss Input Capacitance 
Coss Output Capacitance 
Coss Reverse Transfer Capacitance 
talon) Turn-On Delay Time 
td (off) Turn-Off Delay Time ALL 
ty Fall Time ALL 
Thermal Resistance 


Rihuc —_ Junction-to-Case ALL 
Rincs Case-to-Sink ALL 
Rihja Junction-to-Ambient ALL 


I Continuous Source Current 
(Body Diode) 2N6756 


S [ 2N6755 | 
| 2N6756_| 

Iom Pulsed Source Current 
(Body Diode) 

D | 2N6755 | 


s 
vr 


Vo6s = Q, Vos = 25V, f = 1.0 MHz 
See Fig. 10 


Vop = 36V, Ip = 9A, Zo = 152 
(See Figs. 13 and 14) 


(MOSFET switching times are essentially 


independent of operating temperature.) 


| c/w | Mounting surface flat, smooth, and greased. 


Free Air Operation 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Vv Diode Forward Voltage @) 2N6755 
2N6756 


* JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


Ty = 150°C, Ie = tgny, dip/dt = 100 A/us 
Ty = 150°C, Ip = leony, dip /dt = 100 A/us 


~ 
2 
E 


VARY ty TO OBTAIN 
REQUIRED PEAK |, 


E, = 0.58Voss 


out Ve = 0.758Vnss 


MH 


80 ys PULSE TEST 
' ' 
15V 


a om 
= 
ad tas 
= a 
< z 
> = 
Lv) iw 
= « 
3 a 
= 4 
a < 
a o 
3 a 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Output Characteristics Fig. 4 — Typical Transfer Characteristics 
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2N6755, 2N6756 


80 ws PULSE TEST 


J 
” 
ad 
- 
vr) 
” 
a 
> 
a 
” 
a 
i=] 
oe 


N 


(S3¥3dWY) LNIBUND Nivua 0) 


N < 
NT 
COCO EN 


(S3H3dWY)INZHHND NIVHO Ol 


Vos. saan ane: VOLTAGE (VOLTS) 


1.2 


Vos. stssnna ecunes VOLTAGE (VOLTS) 


Fig. 6— Typical Saturation Characteristics 


(2N6756) 


Fig. 5— Typical Saturation Characteristics 
(2N6755) 


SIS4SOW HIMOd 


TANNVHO-N 


w 
ee 
w 
= 
N 


a cS a 


pret 
oe An 


ee @ ee. ae Att " 


= 150°C MAX 
SINGLE PULSE 


J 


80 us PULSE TEST 


EER AEE. 
PTT TALE 
Lit ii | Tse 


(SN3W3IS) JINVLINGNOISNVHL 6 


Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


Fig. 8 — Maximum Safe Operating Area 


Fig. 7 — Typical Transconductance Vs. Drain Current 


2000. 


Beemer 
ee pe. 
SERRE Byes) 
(je 


TTT TTT TT Ty 
See Re wie el 


1600 
1200 
“lk 


(4d) JONVLIDVdY9 ‘9 


(O3ZITWWHON) 
JINVISISSY NO 39YNOS-OL-NIvHG YOSOy 


o 
~ 


ie saaare ua VOLTAGE (VOLTS) 


Ty, JUNCTION TEMPERATURE (°C) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Normalized Typical On-Resistance Vs. Temperature 


Fig.9— 
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2N6755, 2N6756 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 11 — Power Vs. Temperature Derating Curve 


Vop = 36V 
4Q 
PRF = 1kHz Vo 
toe lus TO SCOPE 


Fig. 13 — Switching Time Test Circuit 
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Is, SOURCE CURRENT (AMPERES) 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS). 
Fig. 12 — Typical Body-Drain Diode Forward Voltage 


tp 
V6s (on) | 
INPUT, V; 50% 
VGs (off) INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 


td wa Ee td (off) | 
>| ts 
Vv : 
DS (off) 10% 10% 
OUTPUT, V, 
90% 90% 
VDS (on) 
ton ail oe toff 


Fig. 14 — Switching Time Waveforms 


ta) HARRIS 2N6757 
2N6758 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AA 
¢ 8A and 9A, 150V - 200V BOTTOM VIEW 
* FDS(on) = 9.42 and 0.62 
e SOA is Power-Dissipation Limited SOURCE W4 UNE) 


¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
® High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6757 and 2N6758 are n-channel enhancement-mode | Terminal Diagram 
silicon-gate power field-effect transistors designed for applications 


such as switching regulators, switching converters; motor drivers, N-CHANNEL ENHANCEMENT MODE 
relay drivers, and drivers for high-power bipolar switching 2 
transistors requiring high speed and low gate-drive power. These D im i 
types can be operated directly from integrated circuits. = S 
/ << 
These types are supplied in the JEDEC TO-204AA steel package. wo & 
I 
z= 
G & 
S 
Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 
2N6757 2N6758 UNITS 
Drain-Source VONAgGeG nic.nc iccknsts ew se bic seae el adedewdeoe worse’ Vos 150* 200* V 
Drain-Gate Voltage (RGS = 2OKD). 0... cece eee eee eee e eee eees VDGR 150* 200* V 
Continuous Drain Current 
5 NG S50 dso acess uate aeeiuaha va daapa loans Saaewaae Ip 8.0* 9.0* A 
MiG =F OOS swncusawsecs coat iwsanwant nian scott area eients ID 5.0* 6.0* A 
Pulsed Drain Current. ...cccccccsccncsnscncncccecccssccesesreenees loM 12 15 A 
Gate=Source Voltages josie sass emi eeeavnwden Vinee wn come e Rees ses Vas +20 +20 V 
Maximum Power Dissipation 
To = +259C (See Figure 11)........ £5 teacaiqeteaiy wis eeteneweweaees Pp 75° 75* WwW 
ToS + 100°C (SEG Figure 11) i tent cats caus eau 024 ane eeeease nce ya Pp 30* 30* W 
Linear Derating Factor (See Figure 11) ......... ccc cece eee cece eee reee 0.6* 0.6* W/9C 
Inductive Current, Clamped ......cccccscccccrccvcccccsccccsecceces ILM 12 15 A 
(See Figures 1 and 2, L = 100uH) 
Operating and Storage Junction Temperature Range............ Ty, ISTG -55 to +150* -55 to +150* oC 
Maximum Lead Temperature for Soldering .........ccccceceecuccccees TL 300* 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


ile Number 87.1 
Copyright © Harris Corporation 1991 File Numbe 15 
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Specifications 2N6757, 2N6758 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
Tyee Win | Tye | Max. | Unis | _—‘Test Conditions SS 


BVoss_ Orain — Source Breakdown Voltage | 2N6757 Vv Vgs 70 
Vf ip =1.0mA 


2N6758 
Ve6sith) Gate Threshold Voltage Vv Vos = Vos. Ip =1mA 


ALL 
'gsse Gate — Body Leakage Forward ALL nA Ves = 20V 
Vos = ~20V . 


\GssR Gate — Body Leakage Reverse ALL 
Vong = Max. Rating, V =Q 
LL DS GS 


| Zero Gate Voltage Orain Current 
oss A 
Vos = Max. Rating, Vgg=0,T¢=125°C 
Vosi Static Drain-Source On-State 2N6757 V Ves = 10V, Ip = 8A 
DS(on) Volt 
2N6758 


ae 
um 
Pea 
Pas |v [vess10v.1p=88 
Poe | 
a 
re 
a7 


age ® 
Rps(on) Static Drain-Source On-State 2N6757 Vcs = 10V, Ip = 5A 
Resistance ® 
2N6758 VGs = 10V, Ip = 6A 
Rps(on) Static Drain-Source On-State 2N6757 V6 = 10V, Ip = 5A, Te = 125°C 
Resistance 0) 


2N6758 


2 Vas = 10V, |p = 6A, Tc: 125°C 
Vos = 15V, Ip = 6A 


%, Forward Transconductance Q) ALL 
Coss Output Capacitance ALL. 
rss 


VGs =Q, Vos = 25V, f = 1.0 MHz 
See Fig. 10 


Cc 
Cc Reverse Transfer Capacitance 


> 
- 
c 


Turn-On Delay Time 


tg (on) 
t 


E 
rm 
rc 


Vop =90V. Ip = 6A, Z, = 152 
(See Figs. 13 and 14) 


> 
- 
- 


tg (off) Turn-Off Delay Time 


Thermal Resistance 


Rinse —_ Junction-to-Case 
Rincs _—Case-to-Sink ) = | ecw | Mounting surface flat, smooth, and greased. 


RinsA —_— Junction-to-Ambient | 30 | Free Air Operation 


Ig Continuous Source Current 2n6757 | - [| - | 
ea Dio 2nersa[ =| =| 
isu Pulsed Source Current 2nN6757 | - {| ~- | 12 | A 
tao Olea averse | | - | 16 | 
Veo Diode Forward Vote (| anevs? [Ove | — | v.80 |v _| Yor 28°C. 1g= 8A Vege 
QraR _—Reverse Recovered Charge ALL a ae ee 


* JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


ALL (MOSFET switching times are essentially 
ALL 


N 
or 


independent of operating temperature.) 


Modified MOSFET symbol! 
showing the.integral 
reverse P-N junction rectifier. 


Ty = 150°C, Ie = tong, dig /dt = 100 A/us 


VARY ty TO OBTAIN 
REQUIRED PEAK 1, 


f DUT 
Vgs = 20V j-—'p 


I 


E, = O.5BVoss5 
Ve = 0.75BVpss 


80 ws PULSE TEST 


ae Se ae Be 
J 


Ip, DRAIN CURRENT (AMPERES) 
1p, ORAIN CURRENT (AMPERES) 


0 20 40 60 80 100 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vs, GATE-TO-SQUACE VOLTAGE (VOLTS) 
Fig. 3 — Typical Output Characteristics Fig. 4 — Typical Transfer Characteristics 
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2N6757, 2N6758 


10 


SERRE Ze 
80 us PULSE TEST V4 


g cd 

cx c 

us 

= = 

= 6 < 

(od - 

z =z 

ud ad 

ec [ea 

ce c 

> > 

ao o 

z 4 = 

< < 

i: <4 ce 

a a 

2 2 
2 

fie te vetlel stg 
0 1 2 3 4 5 5 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) = DRAIN- a SOURCE ee (VOLTS) 
Fig. 5— Typical Saturation Characteristics Fig. 6— Typical Saturation Characteristics 
(2N6757) (2N6758) 


Z ae) SOs 
fs i FESS 
B lian. ahs ise! : So K 
Cre Zs 
< 
5 <_ c = = 
= = 
eo | : <= 
Ue 25 
< 17 7 | TT on J, = 
—_ — 
7)/4en 2 
i=) Vp a. 

AZ 

Saiz ie 

5.0 20 100 200 500 
Ip, DRAIN CURRENT (AMPERES) iia DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 


fords Secret aes ble gt 7 
2.2 


C, CAPACITANCE (pF) 
S 
i=] 


otk 


Rps(on) ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Anns 

Ves = 10V 
Eo e 
eee Pace 


bolle 4 
STE 


0.2 
-40 120 160 0 ae 40 50 
Ty, Mitiial cent (°C) a DRAIN- 3 sa0nG2 VOLTAGE (VOLTS) 
Fig.9 —Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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2N6757, 2N6758 


Po, POWER DISSIPATION (WATTS). - 


Tc, CASE TEMPERATURE (°C) 


Fig. 11 — Power Vs. Temperature Derating Curve 


Vop = 90V 


18.522 


PRF = 1 kHz 
ty = Tus 


Vo 
TO SCOPE 


Fig. 13 — Switching Time Test Circuit 


is, SOURCE CURRENT (AMPERES) 


0 1 2 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 


: p 
PULSE WIDTH 
V6S (on) 
50% 90% 90% 


t 


INPUT, V; 50% 
10% 10% 
V6és (off) INPUT PULSE . INPUT PULSE 
RISE TIME FALL TIME 
td (on) Be td (off) ! 
ty >| yo 
Vv 
DS (off) 10% 10% 
OUTPUT, Vg 
90% 90% 
V0S (on) 
tae a 
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Fig. 14 — Switching Time Waveforms 


i HARRIS 2N6759 
2N6760 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AA 
e 4.5A and 5.5A, 350V - 400V BOTTOM VIEW 
* 'DS(on) = 1-02 and 1.52 
issipation Limi 7 SOURCE plied 
e SOA is Power-Dissipation Limited J (FLANGE) 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics rs 
e High Input Impedance 
GATE 


e Majority Carrier Device 


Description 


The 2N6759 and 2N6760 are n-channel enhancement-mode | Terminal Diagram 
silicon-gate power field-effect transistors designed for applications 


such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE 
relay drivers, and drivers for high-power bipolar switching o 
transistors requiring high speed and low gate-drive power. These D ei 
types can be operated directly from integrated circuits. = Pe 
= 
These types are supplied in the JEDEC TO-204AA steel package. = = 
© wi 
G z= 
a. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
2N6759 2N6760 UNITS 
Drain-Source Voltage :ccev kis tow atawesle ie sie cepa ne sow cna wena Vps 350* 400* Vv 
Drain-Gate Voltage (RGS = 2OKD).... cece ee cece eee tence eeees VDGR 350* 400* Vv 
Continuous Drain Current 
Fe te al CR ee ee en ee ee ee ee ee Ip 4.5* 5.5* A 
GS OO G 5 ccna ta rae nny awe ne rer er oes Iaeue a Rle ee OAS Ip 3.0* 3.5* A 
Pulsed Drain: Currente. sc canes ase ses tuew ene eased sone Seles loM 7.0 8.0 A 
Gate=Source VOlaGe viii ved eds guawer eeese dee eee eesaautedeewe Ves +20 +20 V 
Maximum Power Dissipation 
Te@= +25°C (See Figure. 11). iccci seer sucess tee ewe tes bee soealews Pp 75* 75° W 
Te = +1009 (See FIGUIE TT) | tia s cost cxesaeerane carer neNease ney Pp 30* 30* W 
Linear Derating Factor (See Figure 11) 2.0... .. ccc ccc e ccc eee eee ceeeees 0.6* 0.6* W/9C 
Inductive Current, Clamped .........cccvccccccsccscccecccssecsnens ILM 7.0 8.0 A 
(See Figures 1 and 2, L= 100uH) 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* -55 to +150* oC 
Maximum Lead Temperature for Soldering ......... cece cece eect enone TL 300* 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6759, 2N6760 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
Win [Tye [Max une [Tost Conaions 
eae 


BVoss _- Drain — Source Breakdown Voltage | 2N6759 Vv Yes =0 


VGsith) Gate Threshold Voltage | ALL 


'Gssp Gate — Body Leakage Forward ALL 


'Gssr Gate — Body Leakage Reverse 


'pss Zero Gate Voltage Drain Current 
2N6759 


| 380_| 
Eee 
ae | 
at 
a eae 
i 
eas 
VpS\on) Static Drain-Source On-State 
Se Ste 
Peal 
ae 
ee 
eel 
Eee 
peer al 


Type 


a 


| 4.0° | Vos * = “Ves =1mA 

pee [Waa egry 
ie 
a 


Vgg = 10V, Ip = 5.54 
Vgg = 10V, Ip = 3A 


VGs = 10V, Ip = 3.5A 


V6s = 10V, Ip = 3A, Tc = 125°C 


Vgs = 10V, Ip = 3.5A, Te = 125°C 


R Static Drain-Source On-State 2N6759 
DS(on) Resistance 0) | 2N6759 

2N6760 

R Static Drain-Source On-State 2N6759 
DS(on) Heguusnce @ | 2N6759 | 

2N6760 


BESEREORLE 


vs F orward Transconductance (1) ee S(U) | Vos = 15V, Ip =3.5A 
it * 


(See Figs. 13 and 14) 


a re 


2 (off) Turn-Off Delay Time ep 
! ae p Ace] = | - [ os 


Thermal Resistance 

Ringo __Junction-to-Case ee a ee! 

Sings «Cue to/sin’ sa a 
Gihia: -dunction-to-Amblent eA ee ee ae 
Body-Drain Diode Ratings a Chascisrlaiics | 


(MOSFET switching times are essentially 


independent of operating temperature.) 


Ig Continuous Source Current 2N6759 ao tno tase pyenpet 
(Body Diode) © showing the integra / 
y Di 2N6760 ee ee reverse P-N junction rectifier. ' ) 
Isu Pulsed Source Current 2N6759 fF - f{ - { 70 } G 
Sey Dies ausieo_ [= 


Vsp Diode Forward Voltage (;) 2N6759 pee f= 1.4* a ie 25°C, is 4.5A, Ves" 0 
a Reverse Recovered Charge eta Ty = 50°C Ip = ven dip /dt = 100 A/us 


* JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle S 2% 


VARY ty TO OBTAIN 
REQUIRED PEAK |, 


t DUT 
Vgg = 20Vfe—tp—e} 


ue 


E, = 0.5BVpss 
Vc = 0.75BVpss 


Ty = +1259C 


Leen |__| 
= 


la 
im 
i 
ee 


Ip, DRAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


0 50 100 150 200 250 300 
Vos. DRAIN. TO-SOURCE VOLTAGE (VOLTS) 


Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Output Characteristics Fig. 4 — Typical Transfer Characteristics 


2N6759, 2N6760 


a 8 
oe fo a 
a wi 
=: = 
z < 
5 5 
= w 
ae Cc 
ns ec 
: 3 
= 2 
= — 
< = 
S 6 
x) 2 
Vps, DRAIN TO SOURCE VOLTAGE (VOLTS) Vps, ORAIN.TO-SOURCE VOLTAGE (VOLTS) 
Fig. 5— Typical Saturation Characteristics Fig. 6— Typical Saturation Characteristics 
(2N6759) (2N6760) 


2 7 
z us 

= a 

= 

ws = “” 
a = - 
= wal 
S ce = © 
Ee) 3 <= 
ro] z ake 
2 = O ii 
| oC = 
= a. 


Ip. ORAIN CURRENT (AMPERES) Vig, DRAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 


C, CAPACITANCE (pF) 


RoS(on) DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


es a eA 
eld ealle eal ele te aeewlicd 
-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig.9 Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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2N6759, 2N6760 


La 
ASB SRS 
Va at a a Te a 


Pp, POWER DISSIPATION (WATTS) 


= 
so 
= 
a 
\ 
» 
hed 


= 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 11 — Power Vs. Temperature Derating Curve 


Vpp = 175V 
502 

PRF = 1 kHz Vo 

tp= Tus TO SCOPE 

ee 

| 

| 

| 

| ow 

ha 


Fig. 13 — Switching Time Test Circuit 
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E, Is, 2NG760 


le a &_| 


Ty = 150°C 


Is, SOURCE CURRENT (AMPERES) 


Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 12 — Typical Body-Drain Diode Forward Voltage 


t 


p 
PULSE WIDTH 
VGS (on) 
50% 90% 90% 


INPUT, V; 50% 
10% 10% 
VGS (off) INPUT PULSE — INPUT PULSE 
RISE TIME FALL TIME 
td (on) . td (off 
ty ty->| 
VoS (off) 


Fig. 14 — Switching Time Waveforms 


™ HARRIS 


August 1991 


Features 

e 4.0A and 4.5A, 450V - 500V 

* DS(on) = 1-52 and 2.02 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 
The 2N6761 and 2N6762 are n-channel enhancement-mode 
silicon-gate power field-effect transistors designed for applications 


such as switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 


2N6761 
2N6762 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 


TO-204AA 
BOTTOM VIEW 


DRAIN 
we (FLANGE) 


O 64 O 


SOURCE 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


”* 
transistors requiring high speed and low gate-drive power. These D = ts 
types can be operated directly from integrated circuits. = “ 
These types are supplied in the JEDEC TO-204AA steel package. = = 

Lu 
I 
G =z 
Qo. 
Ss 
Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 
2N6761 2N6762 UNITS 
Drdain=Source Voltage cs occ as yee Sa eee ae ee nawanee peed Vos 450* 500* V 
Drain-Gate Voltage (RGS = 20KD).... cc cece cece eee eee n eens VpDGR 450* 500* V 
Continuous Drain Current 
EG H F209G sada simariGen ease eee wameneeiee cess Saran bamenny Ip 4.0* 5.5" A 
GF 1009 Cis aia ce teeatoneawinn aladtes iaanees oak wanawane vas lp 2.5" 3.0* A 
Pulséd Drain COment, c.swiccweansecc eveeaetas casente tosies 6650s IDM 6.0 7.0 A 
Gate-Source Voltage ...5..ccccesceessenescensescenseunenseaeees Vas +20 +20 V 
Maximum Power Dissipation 
To = +25°C (See Figure 11) se ccicsescwcnaeeecsccens send seeacteen Pp 75" 15* WwW 
TG: + 1009C (See Figure 11)aswes ave eiaataicags vase ts Pp 30* 30* WwW 
Linear Derating Factor (See Figure 11) ....... cece cece cece cnet eee 0.6* 0.6* W/°C 
Inductive Current, ClampeG@ i.64 ceils daa net erasaskewereaees ss ILM 6.0 7.0 A 
(See Figures 1 and 2, L = 100uH) 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* -55 to +150* OC 
Maximum Lead Temperature for Soldering .........cceccccececucesecs TL 300* 300* oC 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 5 8 9.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6761, 2N6762 | 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
Tbe 


< 


Ves=9 
Vv Ip = 4.0 mA 


BVoss Drain — Source Breakdown Voltage | 2N6761 
2N6762 


Vesith) Gate Threshold Voltage 
'Gssp Gate — Body Leakage Forward 


< 


0; st 


Vos =. Vgs- Ip =1mA 


VessY CS 
Wes 
Vos = 0.8 X Max. Rating, Veg = 0 

[Vos = Max Ratna Vag =0,Te= 25°C 175PC_| 
Ves = 10V, Ip = 4A 

Ve6s = 10V, Ip = 4.5A 

Vgs = 10V, Ip = 2.5A 


Vv 


Vés = 0, Vos = 25V, f = 1.0 MHz 
See Fig. 10 


Vop = 225V, Ip = 3A, Z, = 152 
(See Figs. 13 and 14) 


(MOSFET switching times are essentially 


ts Fall Time 


Thermal Resistance 


Rihuc Junction-to-Case 
Rincs Case-to-Sink 
Rihsa _Junction-to-Ambient 


independent of operating temperature.) 


°C/W 
°C/W 
°C/W 


Ce] 
i 


Mounting surface flat, smooth, and greased. 


Free Air Operation 


Is Continuous Source Current 2N6761 ea SMeaitied MOSFET symbol 

(Body Diode) showing the integral 

a 2ne762 | - | - | 45° | reverse P-N junction rectifier. (, { 

Is Pulsed Source Current 2n6761 | - | - | 60 | 

(Body Diode znerex |---| 70] 
Wap Diode Forward Vatoor Gy ['aneet_[oas" | — | vae | V_| Te = °C gah Ugg =0 

ayers | O77 [~ | tae | ¥[ 16 28°6.ig “458 Veg G 

ie Ran Reena ALL =f B= fre [Typ gel TD 
Qa _—s=Reverse Recovered Charge ) ALL | - | Peel Ty = 150°C, le = long, die /dt = 100 A/us 


* JEDEC registered values. ‘oO Pulse Test: Pulse Width & 300 usec, Duty Cycle & 2% 


VARY ty TO OBTAIN 
REQUIRED PEAK |, 


| OUT 
Ves = 20V t 


p 
NW 


E, = 0.58Voss 
Vc = 0.758Vps5 


Fig. 1 — Clamped Inductive Test Circuit 


5.5V — 
ee a eee ee 


< 
al 


? Tanase g 
# : aaa ee ee ry ee ee ee w 
Sa | SE A eae ST A Sr : 
7 eee eases 
= 3 rf 
or « 
See es ee : 
oOo 2 
zt ti tit tt | 5 
= < 
a 2 | <a a Ca Ce yO ———— = 
ze Ca (a as cel Le ae 3 
I Paella! 
PEEP EE a i 
o 100 200 : 300 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) ce alae aa Eel 
Fig. 3 — Typical Output Characteristics Fig. 4 — Typical Transfer Characteristics 
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2N6761, 2N6762 


be Ge 


4.0V ———— 


1p. DRAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


0 2 4 6 8 10 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 5— Typical Saturation Characteristics Fig. 6— Typical Saturation Characteristics 
(2N6761) (2N6762) 


a co 
= uw 
2 we he 
FA = a 
ws < aj LL 
7 = =e 
= = 
ha = = © 
S Ps <= 
= 2 = Sas N r 
3 ae RS ae ea Be ¢5 & 
2 z 9, in ee ees Es eT i 
q ao ~{ |} TT Tiitt ==> 
: : = 
7 Ty = 1500C MAX. 
SINGLE PULSE ie 
Ae eH 
0 1 2 3 4 5 10 20 50 100 200 500 
Ip. DRAIN CURRENT (AMPERES) Vg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 
polite Me eae ale 
a ees eaeee,, 
z a2 aeVae 
< 
a 18 y, f 
ey _~ 
ee A E 
[o> Wen) w 
ON 14 Z 
«aes = 
>< = 
law) = oOo 
38 g 
=s é 
=~ 10 és 
< 
oc 
z | | 
D gaeale 
Ss 
So 06 
long 
0.2 
-40 0 40 80 | 120 160 
Ty, JUNCTION TEMPERATURE (°C) Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 9—Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Pp, POWER DISSIPATION (WATTS) 


2N6761, 2NG762 


0. 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 11 — Power Vs. Temperature Derating Curve 


Vup = 225V 
752 
PRF = 1kHz Vo 
tp= Tas TO SCOPE 


Fig. 13 — Switching Time Test Circuit 
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i aaa 


Ss. 


Is, SOURCE CURRENT (AMPERES) 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 


tp 
PULSE WIDTH 


VGs (on) 
INPUT, V; 


V6s (otf) INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 
td (on) Ee td (off) : 
> f 
Vos (off) | 
10% 10% 
OUTPUT, Vo aes 
90% 


Vos (on) 
oe eds loff 


Fig. 14 — Switching Time Waveforms 


HARRIS 


2N6763 
2N6 764 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistors 
Features Package 
TO-204AE 
© 31A and 38A, 6OV - 100V BOTTOM VIEW 


© 'pS(on) = 0.082 and 0.0552 
® SOA is Power-Dissipation Limited SOURCE 
® Nanosecond Switching Speeds 
¢ Linear Transfer Characteristics 
© High Input Impedance 


¢ Majority Carrier Device 


Description 


The 2N6763 and 2N6764 are n-channel enhancement-mode | Termina/ Diagram 


silicon-gate power MOS. field-effect transistors designed for 


applications such as switching regulators, switching converters, N-CHANNEL ENHANCEMENT MODE 


motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


These types are supplied in the JEDEC TO-204AE steel package. 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


2N6763 

Drdin=Source VONaGe 6 vicssccins dco eedene inate iineinebedeseewes Vos 60* 
Drain-Gate Voltage (RGS = 20K)... cece ccc cece ee eee eees VDGR 60* 
Continuous Drain Current 

WiC 2990S aint na cnet eens atin ecwnas aan te cea deletes oes ID 31 

TG = 100VG wo iiiets cist seb ote wet eeienceoe eee ie ow wneeete Ip 20 
Pulsed Drain CUCM sac c ine seceanrierasiwatecke ti ame nage ewe es IDM 60 
Gate=SOuUrce VONAGE sccvacneewiedeeeeCia vs mde aeuiseae Re aeieea ets Ves +20* 
Maximum Power Dissipation 

Te =4259C (See Figure 14) cri sen ven: eat eieseoue sewed anne Pp 150* 

TG = + 1009S (See Figtiie 11) 24 jens ciescke co cuebenadeaty ee matiaer Pop 60* 
Linear Derating Factor (See Figure 11) «1... cece eee e cere cence 1.2 
Inductive Current, Clamped ........ 2... eee cece ee eee cece teen eees ILM 60 

(See Figures 1 and 2, L= 100u1H) 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* 
Maximum Lead Temperature for Soldering .......... cece eee ee eee eeees TL 300* 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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DRAIN 


” 
D ee er 
ies BL. 
23 
<= 
<= 
© iG 
23 
oa. 
cS 
2N6764__ UNITS 
100* V 
100* V 
38 A 
24 A 
70 A 
+20* V 
150* Ww 
60* Ww 
1.2 W/9C 
70 A 
-55 to +150* oC 
300* oC 


File Number 1590.1 


Specifications 2N6763, 2N6764_ 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless Otherwise Specified) 
Type 


BVoss Drain — Source Breakdown Voltage | 2N6763 | - | V_ | Vgg=0 
_— 2ne764 | 100 | - | Ip = 1.0mA | 


Ve6s(th) Gate Threshold Voltage ALL Vos « Ves. Ip = 1mA 
Igssr Gate — Body Leakage Forward ALL VGs = 20V 
Igssp Gate — Body Leakage Reverse ALL Vgg = -20V 


{ Zero Gate Voltage Drain Current 


Vos (on) Static Drain-Source On-State 2N6763 
Voltage Q) 


8 


eae 

} mA | Vos = Max. Rating, Veg = 0 : 

| mA | Vpg = Max. Rating, Vgg = 0, Te = 125°C 
Pv [Mes Vig 8A 
Tv [Messi ip 388 
[2 [Vos=10VIp= 208 


V 
V 
2 


R Static Drain-Source On-State 
DS(on) Resistance CG) 


Resistance CG) 


NIN T 

> z2zi2z2zi2 
OIini a 

~ wisi ow 

g 2/3/2 


2N6 
Sr, Forward Transconductance Gd) ALL 
Cis Input Capacitance LL 


V6s = 0, Vps = 25V, f = 1.0 MHz 
See Fig. 10 


Coss Output Capacitance ALL 
Criss Reverse Transfer Capacitance ALL 


td (on) Turn-On Delay Time 


t- _ Rise Time 


ta (off) Turn-Off Delay Time 


oe 

eee 

el 

Lee 

oe 

ta 

Ed 

fa 

: Peed 
Rps(on) Static Drain-Source On-State 2N6763 eet 
ae 

peers 

Bal 

eee 

eee 

coe 

oe 

aoe 

pa 


ts Fall Time 


THERMAL RESISTANCE 


Rihuc Junction-to-Case ALL 


EE 


Rincs  Case-to-Sink LL Mounting surface flat, smooth, and greased. _ 


RihJA Junction-to-Ambient Free Air Operation 


Continuous Source Current 2N676 Modified MOSFET symbol 


(Body Diode) 2N67 showing the integral 


reverse P-N junction rectifier. 
Pulsed Source Current 2N676 G 
(Body Diode) 2N67 


Diode Forward Voltage GQ) 2N6763 


Ww 


> 
~ 
- 


Reverse Recovery Time 


> 
c 
rc 


Reverse Recovered Charge 


* JEDEC registered values. C) Pulse Test: Pulse Width S 300 usec, Duty Cycle < 2% 


VARY tp TO OBTAIN 
REQUIRED PEAK |, 


E, = 0.5BV 
DUT re 7. =0 ue 
Cc’ OSS 


Vgg 720V ft, 


Fig. 1 - Clamped inductive test circuit. Fig. 2 - Clamped inductive waveforms. 
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2N6763, 2N6764 


Ip, ORAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


0 10 20 a 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical output characteristics. Fig. 4 - Typical transfer characteristics. 


20 


a7 Zak 
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16 = = 
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4 
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Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 5 - Typical saturation characteristics for the 2N6763. Fig. 6 - Typical saturation characteristics for the 2N6764. 


1} ae Ss ee ee Ee 
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2 NERIN Ee 

2 f OOATNUT BY LN 
re & 20 Ss a » 
: : NO SToS, 
: SO EINIED Sa 
< 2 10RD 
S i 
= = a a ee 
8 5} SETI ORT 

g z SCP ONTO 
: = | |ty=150°cmax, | | NUIT 
: =, [ematétinsd [TN 
| | TTI 


PET Tete HT 
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Fig. 7 - Typical transconductance vs. drain current. Fig. 8 - Maximum safe operating areas. 
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2N6763, 2N6764 


: 
5 


oat 6 a 
PENCE 
ah a 

CHEE NCE 


= 


ra 

A>) 
= 2400 

[ & } 

= 

< 

ig 

4 3 

es 
< 1600 

ry : 


800 


Ros(on) ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0 10 20 30 40 50 


-40 0 40 80 120 160 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Typical normalized on-resistance vs. temperature. Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


e Z 
~ xc 
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4 - 
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a oc 
” oc 
2 Fz 
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a g 
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Tc, CASE TEMPERATURE (°C) Vp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 11 - Power vs. temperature derating curve. Fig. 12 - Typical body-drain diode forward voltage. 
'p 
Vpp = 25V PULSE WIDTH 
VGS (on) an aan 

PRE = 1 kHz “se Vo INPUT, Vj ny ae 

tp= Tus TO SCOPE 6s (off) : INPUT PULSE == INPUT PULSE 

ra = RISE TIME FALL TIME 

'd (on) td (off) 
aa ty» 


r we Vv 
DS (off) — a 
IQ OUTPUT, Vy 
 20v 90% 90% | 
pa VDS (on) 


= = = these ae ‘off 


Fig. 13 - Switching time test circuit. . Fig. 14 - Switching time waveforms. 


: | 4-24 


™ HARRIS 


August 1991 


Features 

e 25A and 30A, 150V - 200V 

* FDS(on) = 0.0852 and 0.122 

e SOA is Power-Dissipation Limited 
-@ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 
The 2N6765 and 2N6766 are n-channel enhancement-mode 
silicon-gate power field-effect transistors designed for applications 


such as switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 


2N6765 
2N6766 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-204AE 
BOTTOM VIEW 
DRAIN 
SOURCE VV (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


“” 
transistors requiring high speed and low gate-drive power. These D 4 to 
. ° ° . 2) BL. 
types can be operated directly from integrated circuits. =o 
= 
These types are supplied in the JEDEC TO-204AE steel package. =o 
LL 
u 
G z= 
re 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6765 2N6766 UNITS 
Drain-Source Voltage s.d:0s eens cc newiee eee ews eei essa ieesiaaes Vos 150* 200* V 
Drain-Gate Voltage (RGS = 2OK2)... 6. eee cece cece eee e eee eeees VDGR 150* 200* V 
Continuous Drain Current 
TH 20°C scenic ciegses cemeitis ses cee hele anlar ons seetavures Ip 20" 30* A 
TG HS F1O0SS act cos iaais shone ie ewes Reese eC uins ID 16* 19* A 
Pulséd Drain Currents:sc03 cians cs ecas ie ietieaneaes casbaeeee seas at lom 50 60 A 
Gate-Source Voltage ..... ccc cccccsecccccccnuens eT ee Vas +20 +20 V 
Maximum Power Dissipation 
Te=+25°C (See Figure 11) so ..cssuiseacn neuiaeosessewoees saleedes Pop 150* 150* W 
TE = 410096 (See Figure 10) cc s-scd stew sree aware euaiaina weiee sae wraie's Pp 60* 60* W 
Linear Derating Factor (See Figure 11) .......... ccc cece cece ee eeseees 122° 12" W/°C 
Inductive Current, Clamped ........... 0. cece cece nen e ween eseseneens ILM 50 60 A 
(See Figures 1 and 2, L= 100uH) 
Operating and Storage Junction Temperature Range............ Ty TSTG ~55 to +150* ~55 to +150* OC 
Maximum Lead Temperature for Soldering ...........ceccceeeserceues TL 300* 300* bd © 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 1 591 1 
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Specifications 2NG6765, 2N6766 


Electrical Characteristics @ Tc = 25°C (Unless Otherside Specified) 


T 
BVoss Drain — Source Breakdown Voltage 2N6765 


- 2N6766 


Vgsi(th) Gate Threshold Voltage ALL 


IGsse Gate — Body Leakage Forward ALL 


Igssr Gate — Body Leakage Reverse ALL 
LL 


loss Zero Gate Voltage Drain Current 
VpS(on) Static Drain-Source On-State 2N6765 
Voltage Q) 
2N6 766 
Rpsion) Static Orain-Source On-State 2N6765 
"Resistance Q) 
: 2N6 


Rps(on) Static Drain-Source On-State 2N6765 
Resistance Q) 
2N6766 


ty Fall Time 


Ves = 0 
Vos =V6s. 'p= imA 


| Units | 

ee Eee eee, 
a a eee 
me 
La 


< 


Ta [ves=10V.Ip= 168 
= 
rea 


Be 


co 
0.12" 


nN 
n Vgs = 10V, Ip = 16A, Tc = 125°C 
Vo6s = 10V, Ip = 194, Tc= 125°C 
27* S (U) Vos = 15V, Ip = 19A 


V6s =Q, Vos = 25V, f = 1.0 MHz 
See Fig. 10 


0.07 
800 


Vop = 95V, Ip = 19A, Z, = 4.72 
(See Figs. 13 and 14) 


(MOSFET switching times are essentially 


ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 


independent of operating temperature.) 


ee ee 
ca ae °C/W | Mounting surface flat, smooth, and greased. 
ee ee 


Thermal Resistance 


Reh JC Junction-to-Case 
Rincs Case-to-Sink 


Reh JA __Junction-to-Ambient 


ALL 
ALL 
ALL °C/W | Typical socket mount 


Body-Drain Diode Ratings and Characteristics 
Ig Continuous Source Current 2N6765 
(Body Diode) 2N67 
Ign Pulsed Source Current 2N67 
(Body Diode) 2N67 
s 
rr 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Tc = 28°C, Ig = 25A, Vgs = 0 
Tc = 25°C, Ig = 30A, Veg = 0 
Ty = 150°C, 'e = Iogg, dip /dt = 100 A/us 
Ty = 180°C, te = igng, dig /dt = 100 A/us 


Vso Diode Forward Voltage GQ) 2N6765 
2N6766 


t Reverse Recovery Time ALL 
Qar Reverse Recovered Charge ALL 


*JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


Vv 


= 
ae 
Cae 
7 


—_—t 
N 
s 


uc 


VARY ty TO OBTAIN 
REQUIRED PEAK | 


a DUT 


Vés =10V t 


E, = 0.58Vpss 
Vc = 0.75BVpss 


p 
I 


Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 
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2N6765, 2N6766 
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| 

fann- "200000 
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a UTES ot} Itt 


mh 
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AREAIS LIMITED 


BY Rps(on) 


SS 


2 
= 
= 
= 
2 
= 
= 
<x 
[2 = 
uJ 
a, 
oO 


a 


1] NIM 


(2N6766) 


4 
Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Typical Transfer Characteristics 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 6— Typical Saturation Characteristics 


r—) o =) wn ~N o wnt 


(S34adWV) LNIHHND Nivuo ‘0; (S3H3adNV) LNINYNI NivyG ‘O| 


50 


40 


Vos, ORAIN-TO-SOURCE-VOLTAGE (VOLTS) 


30° 
Fig. 3 — Typical Output Characteristics 


80 ys PULSE TEST 


(2N6765) 


20 


a IN 


See RNGe 
COCCI 
SECC EEC 


(SJH3dWY) LNIYYNI NivuG ‘Oy (SJU3dWY) LNIYYNI NIV ‘O| (SNAWaIS) SINVLINGNOISNWHL 6 


10 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 5— Typical Saturation Characteristics 


80 us PULSE TEST 


AN 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 8 — Maximum Safe Operating Area 
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Ip, DRAIN CURRENT (AMPERES) 
Fig. 7 — Typieal Transconductance Vs. Drain Current 


2N6765, 2N6766 


“ELT 
: see 
[ 
4 
< 3200 
an 
: le cet eal 
ce 
- ; a 
a 
ww = 2400 
cc ar oO 
a= z 
a = 
eS 2 
Zz a. 
=z Ss 1600 
fe a . 
ao o 
< 
i=] 
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« 800 
-40 0 40 80 120 160 0 
T), JUNCTION TEMPERATURE (°C) Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig.9—Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
E 
< a 
= = 
z = 
= = 
ad 
s : 
8 3 
a 
c 2 
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& B 
(=) ” 
& g 
0 20240 60 80 100 120 140 0 : u 2 3 
Tc ,CASE TEMPERATURE (°C) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 11 — Power Vs. Temperature Derating Curve Fig. 12 — Typical Body-Drain Diode Forward Voltage 
ae 
Vop =95V PULSE WIDTH 
Testa) 90% 30% 
52 INPUT, V; 50% ; "IN 50% 
_ PREF =1kHz : Vo 10% 10% 
tp = Tus TO SCOPE Ves (off) INPUT PULSE INPUT PULSE 
cr----- | RISE TIME FALL TIME 
td (on) td (off) 
Vos (off) 
r OUTPUT, Vy 
20V “| 90% 
Big | VDS (on) , 
— = = Gio L —tott 
Fig. 13 — Switching Time Test Circuit Fig. 14 — Switching Time Waveforms 
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2N6767 
2N6768 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Features 

e 12A and 14A, 350V - 400V 

* DS(on) = 0-42 and 0.32 

¢ SOA is Power-Dissipation Limited 
® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 
The 2N6767 and 2N6768 are n-channel enhancement-mode 
silicon-gate power MOS field-effect transistors designed for 


applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
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Package 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


” 
switching transistors requiring high speed and low gate-drive power. D i tu 
These types can be operated directly from integrated circuits. = Pa 
These types are supplied in the JEDEC TO-204AA steel package. = = 

Lid 

G = 
ro 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6767 2N6768 UNITS 

Draln=Source Voltages ccccss sosseniel Couse eS suew se saiewen< caus Vos 350* 400* Vv 
Drain-Gate Voltage (RGS = 20KN). 0... cece eee reece eee ene VpGR 350* 400* V 
Continuous Drain Current 

TGS 420°C 5 ostounees etotas tetas iet ae eaten enrew eae eet Ip 12* 14* A 

TG SE VOOCS cera hia ok awd ti bee hed teh teres e Cow eee eee ID 7.75* g* A 
Pulsed Drain CUnent ite iectscseu dees van ean tice teens (euesigesevawts IDM 20 25 A 
Gate-Source Voltage: a ciscaiiiewia e ood dene ds awh des eeu eekaes Ves +20* +20* Vv 
Maximum Power Dissipation 

T= 25°C See Figure 14) tasccntherntnasebaed dacs caecse evans Pp 150* 150* WwW 

Above To = +259C, Derate Linearly ........ ccc cece cece eee e eee eeee 1.2* 1.2* W/9C 
Inductive Current, Clamped ....... 0... cece cc cee cece e reese eeeeees ILM 20 25 A 

(See Figures 1 and 2, L = 100y1H) 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* ~55 to +150* oC 
Maximum Lead Temperature for Soldering .............cccececeeenees TL 300* 300* oC 

(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 89 8.1 


Specifications 2N6767, 2N6768 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
irate 68 nye | ite [Tor Conan 


BVpss _Orain — Source Breakdown Voltage | 2Ne767 | 350 | - | - | V | Ves 70 | 


[Tassn Gate — Body Leatioe Reve [ALL [= [= goo" [aa [Vgc 

| - | 02 | 40° | mA | Vopg = Max. Rating, Vgg = 0, Tc = 125°C 

VpSion) Static Drain-Source On-State | 2neve7 | - | - | sae | ov | V6s = 10V, Ip =12A 

olta 

Poston) Siinana"emr= ors [oa [oar [a [ves= 1. ipataia 
| 2N6768 | 0.25 | 8 [Vags=10V.Ip= 9.08 

Rosion) Static sey ae On-State | — | 088 | 2 | Vgg= 10V, Ip = 7.75A, Te = 125°C 

eae ES Ee 

aes 


< 
3 
© 


Resistance 
. 2N6768 Ves = 10V, Ip = 9.0A, To = 125°C 
Or, Forward Transconductance QQ) } ALL Vos = 15V, Ip = 9.0A 
C; Input Capacitance 
= Ee Vgs = 0, Vps = 25V, f = 1.0 MHz 
Coss Output Capacitance | ALL 


ALL 
ALL 
ALL 
Crss Reverse Transfer Capacitance 

ALL 
ALL 
ALL 

LL 


See Fig. 10 


td (on) | Turn-On Delay Time | ALL 
t Rise Time | ALL 
ty (off) Turn-Off Delay Time PALL 
tf Fall Time 


Vop = 180V, Ip = 9.0A, 20 = 472 
[ee] ee Fi. 19a 14 
| - | 180° | ons (MOSFET switching times are essentially 


independent of operating temperature.) 


Mounting surface flat, smooth, and greased. 


ALL | - | - | 30 | ecw. Free Air Operation 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Is Continuous Source Current | 2Ne767 | -—. | - |[ 12° | 
(Body Diodel P2ne7es | — | — | 14*_ 
ism Pulsed Source Current | 2N6767 | - | -— | 20 | 
(Body Diode) | 2Ne768 | - | - | 25 | 
Vsp Diode Forward Voltage (7) | 2N6767 | 0.8" | — | 16° | V_ | Tc= 25°C, I5= 12A,VGs=0 


2N6768 | - | 17" | V_ | Te = 28°C, Ig = 14A, Veg = 0 
trr Reverse Recovery Time | 1000 | | ns Ty = 150°C, If = Iggy, dig/dt = 100 A/us 
QrarR _—Reverse Recovered Charge | 25} - { wC | Ty = 150°C, Ip = Igny, dig /dt = 100 A/us 


*JEDEC registered values. (1) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


VARY tp TO OBTAIN 
REQUIRED PEAK 1, 


E, = 0.5BVpss 
Vc = 0.75BVpss 


Fig. 1 - Clamped inductive test circuit. Fig. 2 - Clamped inductive waveforms. 
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. 3- Typical output characteristics for both types. Fig. 4 - Typical transfer characteristics for both types. 
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N-CHANNEL 
POWER MOSFETs 


|| lf tt tt 
fi Em 


Ip, ORAIN CURRENT (AMPERES) 
tp, DRAIN CURRENT (AMPERES) 


Vos. ORAIN-TO-SSOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 5 - Typical saturation characteristics for the 2N6767. Fig. 6. - Typical saturation characteristics for the 2N6768. 


ENGR Sain NA ie 
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Ty = 150 °C MAX. 
SINGLE PULSE 
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aa ea 
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Ofs, TRANSCONDUCTANCE (SIEMENS) 
Ip, ORAIN CURRENT (AMPERES) 


Ce Ce 
IAD AmE 
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Ip, ORAIN CURRENT (AMPERES) aon 0 30 : 
ie DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 7 - Typical transconductance versus drain current for Fig. 8 - Maximum safe operating area for both types. 
both types. 
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2N6767, 2N6768 
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Fig. 9 - Typical normalized on-resistance versus temp- 


Pp, POWER DISSIPATION (WATTS) 


erature for both types. 
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Tc, CASE TEMPERATURE (°C) 


Fig. 11 - Power versus temperature derating curve 


for both types. 


Vop = 190V 
202 
PRE = 1 kHz Vo 
tp las TO SCOPE 


Fig. 13 - Switching time test circuit. 
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Fig. 10 - Typical capacitance versus drain-to-source 


voltage for both types. 
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Fig. 12 - Typical body-drain diode forward voltage 


for both types. 


t 


p 
PULSE WIDTH 
VGS (on) = 
50% fy 90% 90% 


INPUT, V; 50% 
10% 9 
Veés (off} RETIRE INPUT PULSE 
FALL TIME 
td wi Me td (off) 
> ty} 
VDS (off) i eo : : le 
0 
OUTPUT, Vo 
le ae 
Vos (on) 
tas lati 


Fig. 14 - Switching time waveforms 
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Features 

© 11A and 12A, 450V - 500V 

* DS(on) = 0.5 and 0.40 

¢ SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


® Majority Carrier Device 


Description 


The 2N6769 and 2N6770 are n-channel enhancement-mode 
silicon-gate power MOS field-effect transistors designed for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


These types are supplied in the JEDEC TO-204AA steel package. 


2N6769 
2N6770 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Package 
TO-204AA 
BOTTOM VIEW 


DRAIN 
ra (FLANGE) 


O O 


SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +2509C), Unless Otherwise Specified 


Drain=SOurce VoONAGG 6 isaac sa oe pawease ot eaid tae aeons tawiee’s Vos 
Drain-Gate Voltage (RGS = 2OK92). 0... cece eee te eee eee eet nee VDGR 
Continuous Drain Current 
TG TESS wick ca ai inks sete ee eae anaes San ee SRO MNET Kes Ip 
TEA 1009C nhc ud seen dedesiin cesar bend ian aveun Leapeanen: ID 
Puised Drain Curent is oy sc wees ON eae eae tase ie dee Oe Ne eo IDM 
Gate=Source Vola Ge acs codices meewie span snte eae tees Ve6s 
Maximum Power Dissipation 
TG F259 (SE6 FIQUIO 11) sansinnieidins sds teas tere ow see Tas ees Pp 
Above Tc = +25°9C, Derate Linearly (See Figure 11) .........2. eee enee 
Inductive Current, Clamped .......... ccc ccc c cece cee cence cee eeeenes ILM 
(See Figures 1 and 2, L= 100uH) 
Operating and Storage Junction Temperature Range............ Ty, TSTG 
Maximum Lead Temperature for Soldering .......... ccc cece cece eneees TL 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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2N6769 2N6770 . UNITS 
450* 500* V 
450* 500* V 
11 12 A 
7 7.75 A 
20 25 A 
+20* +20* V 
150* 150* Ww 
Ie" 1.2* W/9C 
20 25 A 
-55 to +150* -55 to +150* oC 
300* 300* oC 
File Number 1899.1 


Specifications 2N6769, 2N6770 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
[mins [ ye. [ Max. [Unie [Test Conditions 


V6s 0 


Vos VG6s. Ip =1mA 


Parameter 
2N6769 
2N6770 


BVposs Drain — Source Breakdown Voltage 
500 
VGS(th) Gate Threshold Voltage 


> = 
clr 3 


> 
a 


V6s = 20V 
VcGs ha -20V 
Vos = 0.8 x Max. Rating, Ves =0 
Vps = Max. Rating, Vgg = 0, Tc = 25°C to 125°C 
Ves = 10V, ID =11A 
Ves = 10V, Ip =12A 
Ves = 10V, Ip = 7,75A 


IGSsF- Gate — Body Leakage Forward 


> 
- 
~ 


r 


Vv 

V 

V 
nA 
nA 


lcssR Gate — Body Leakage Reverse 
loss Zero Gate Voltage Drain Current 


i 
- 
rm 


> 
- 
- 


VpS(on) Static Drain-Source On-State 2N6769 
oltage (1) 

2N6770 

2N6769 

2N6770 


Rosion) Static Drain-Source On-State 2N6769 
Resist 
esistance CQ) IN6770 


Rps(on) Static Drain-Source On-State 
Resistance GQ) 


Vo6s = 10V, Ip = 7.0A, To = 125°C 


0.88* T) Veg = 10V, Ip = 7.75A, To = 125°C 


Or, Forward Transconductance GQ) ALL 24° S(U) | Vgsg=10V Ip=7.75A 
Cigg Input Capacitance 
Ves = 0. Vps = 25V, f = 1.0 MHz 
Coss Output Capacitance ALL 
See Fig. 10 
Crs Reverse Transfer Capacitance ALL 


td (on) Turn-On Delay Time 
t Rise Time ALL 
td (off) Turn-Off Delay Time ALL 
tf Fall Time ALL 


Thermal Resistance 


Rithuc —_ Junction-to-Case 


> 
- 
- 


Vop =210V, Ip = 7.75A, 2 = 4.72 
(See Figs. 13 and 14) 


(MOSFET switching times are essentially 


sw 
Oo 
s 


independent of operating temperature.) 


O 
i 


°C/W_ | Mounting surface flat, smooth, and greased. 


Rihcs _Case-to-Sink 


°C/W Free Air Operation 


RihJa Junction-to-Ambient 


Body-Drain Diode Ratings and Characteristics 
Is Continuous Source Current | 2N6769 | — | 


Modified MOSFET symbol 


(Body Diode) N showing the integral 
ee [pees reverse P-N junction rectifier. 
ISM Pulsed Source Current 2N6769 | - | 20 
(Body Diode) 2N6770 | 


Tc = 25°C, Ig = 11A,Vgg = 0 
To = 25°C, Ig = 12A, Vgg = 0 
Ty = 150°C, lp = logy, dig/dt = 100 A/us 
Ty = 150°C, le = long, dle/dt = 100 A/us 


Vsp Diode Forward Voltage a) 
ter Reverse Recovery Time p ALL | | 


LL 
QarR Reverse Recovered Charge 


*JEDEC registered values. a) Pulse Test: Pulse Width S 300 usec, Duty Cycle S 2% 


uC 


. 


[e) a! a 
oO Oe i 
e| * 


N 
Be 


VARY ty TO OBTAIN 
REQUIRED PEAK I 


; E, = 0.5BVoss 
Ve = 0.75BVpss 


Fig. 1 - Clamped inductive test circuit. Fig. 2 - Clamped inductive waveforms. 
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2N6769, 2N6770 
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. 3- Typical output characteristics for both types. Fig. 4 - Typical transfer characteristics for both types.. 
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Fig. 5 - Typical saturation characteristics for the 2N6769. Fig. 6. - Typical saturation characteristics for the 2N6770. 
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Features 

e 3.5A, 100V 

* 'DS(on) = 0.62 

e SOA is Power-Dissipation Limited 
® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6782 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The 2N6782 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
fo} 

(0) 
DRAIN 
(CASE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage (Note 1) 2... cee cece ee cee tee eet e tees Vps 
Drain-Gate Voltage (RGsS = 20k) (Note 1)... ... eee cece eee eens VDGR 
Continuous Drain Current 

TG = 429°C coiciee es Agere nt ee ee ViseSeeks <eeuee duaaeuaee 34 Ip 

TG 4 100 PS aidan ciwtase nti cudeumeees aa eeeeere eines Ip 
Pulsed Drain Current (Note 2) 0.0... ccc ccc eee cee teen e twee eeees lpbM 
Gale=Source VONAGE -. sac seach eid bei ae eels eee seen tania es Ves 
Continuous Source Current (Body Diode) .......... ccc ccc cece eee e ce aee Is 
Pulse Source Current (Body Diode) (Note 2)......... cece cece eee eeee ISM 
Maximum Power Dissipation 

TG@= 425°C (See Figure 14) sider kiana sama ces Cieees owes eee’ Pp 
Linear Derating Factor (See Figure 14) ...... ccc ce ccc cece eee te eee eees 
Inductive Current, Clamped ass .as0 sexe vies taean Sends Sooealawas ILM 

(L = 100p1H) 
Operating and Storage Junction Temperature Range............ Ty, TSTG 
Maximum Lead Temperature for Soldering ............ ccc cce cece ceccs Tk 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 
NOTES: 
1. Ty = +25°C to +150°C 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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100* 
100* 


3.5* 
2.25" 
14* 
+20* 
3.50* 
14* 


15* 
0.12% 
14 


-55 to +150* 
300* 


1592.1 


File Number 


Specifications 2N6782 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


Pararnete Min | Tw | Max [Units Test Conditions 
Wes = Vip =02mASCSC~*S 
Vos = Ves.Ip=05mASSSCSC~S 
[Ves = 20V. Vpg = OV SCSSCSC~*S 
[Ves = -20V, Vos = OV SCSC~SCSCS 
Vos = 10. Vog= OV SCS—~SCSCS 
[Vos = 8V, Veg = WV To = CCS 
A 
GS = 10V, Ip = 225A, To = 25°C 

Ves = 10V, Ip = 2258, Tc = 128°C 
ic = °C is = 35A Vis = VCS 
Vos = Vip = 2288 SSC~CS 
Ves = OV, Vps = 25V, f = 1.0 Miz. 

‘See Fig. 10 


< 


<< 


135 


BES PPP: 


(MOSFET switching times are essentially independent 
of operating temperature.) 

Vos = 80V, Ip = 188 mA, See Fig. 16. 

Vos = 4.28V, Ip = 3.5A, See Fig. 16. 


Thermal Resistance 


Rihic _ Junction-to-Case 
Rha _ Junction-to-Ambient 


SOE OOU DERE COODUDDDED 
CC MOUUECEREEEECBECCERED 


Gee ee ee 
recvw | Free Ak Operation CSCS 


ter Reverse Recovery Time | 200i ons | Ty = 150°C, tf = 3.5A, digidt = 100A/us 

Onn _ Reverse Recovered Charge ; fF 10] Ty = 180°C, Ip = 3.5A, digidt = 100Alus 

ton Forward Turn-on Time : Intrinsic turn-on time Is negligible. Turn-on speed is substentially controlled by Lg + Lp. 
@® Ty = 25°C to 150°C. @) Pulse Test: Pulse width < 300u8, Duty Cycle < 2%. | @) Repetitive Rating: Pulse width limited by 


max. junction temperature. 


See Transient Thermal Impedance Curve (Fig. 5). 
*JEDEC registered value 
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Fig. 1 — Typical Output Characteristics — 


Fig. 2 — Typical Transfer Characteristics 
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Fig. 3 — Typical Saturation Characteristics . . Fig. 4 — Maximum Safe Operating Area 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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N-CHANNEL 
POWER MOSFETs 
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Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


Ros{on). ORAIN-TO SOURCE ON STATE RESISTANCE 
(NORMALIZED) 


BVnsg ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Rpsion) MEASURED WITH CURRENT PULSE OF 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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PULSE WIDTH 


VGS(on) +10V 
INPUT 


Ves(ott) OV 


INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 


VDS(otf) 
OUTPUT 


VoSton) 
NOTES: 
WHEN MEASURING RISE TIME, VGS(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vggiof) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND ORAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: OOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT OOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD =1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 


BLOCKING 
OlODE 


NOTES: 
1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ig AND Vag ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip © Rg = 2.5 + 1.0 Vde. 


Fig. 16 — Safe Operating Area Test Circuit 


N-CHANNEL 
POWER MOSFETs 
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Features 


2N6784 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


© 2.25A, 200V 

® fDS(on) = 1.52 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6784 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 
The 2N6784 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 5 
Ss 
Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 
2N6784 UNITS 

Drain-Source Voltage visas vance eearsekdsneed sama aeaaeda seca Vos 200* V 
Drain-Gate Voltage (RGS = 20K)... ccc cece eee cece eee eeee VDGR 200* V 
Continuous Drain Current 

TG OOS 2 oh.c at avuadine ek Grud wwleauedoa ies bac wepeaney ute tyes Ip 2.25* A 

TG = FO0CC 3 esa ieee as snsi nas wenleceaeu diesen venauaen ues Ip 1.5* A 
Pulsed Drain Current (Note 2) 0... 0. ccc ccc cc cece reece cece ee eneene IDM 9* A 
Gate=Source Volage: s'scs coat xe sious jcc ia Cow aipas Sea eamw es Ves +20* V 
Continuous Source Current (Body Diode).......... ccc cece eee e ce ee eens Is 2.25* A 
Pulse Source Current (Body Diode) (Note 2).........ccec cee ceuceeene ISM g* A 
Maximum Power Dissipation 

T= 425°C (See Figure 14) avy nk chete alae Gar eeeeyes ers Pp 15% Ww 

Above Tc = +259C, Derate Linearly (See Figure 14) .........e..eeeeee 0.12* W/9G 
Inductive Current, Clamped ........ 0c ccc cece cece cence ect eteeneaes ILM 9 A 

(L = 100yH) 
Operating and Storage Junction Temperature Range Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering .........cccccececcecvteece TL 300* oC 


(0.063” (1.6mm) from case for 10s) | 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 
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Specifications 2N6784 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


[Parameter SSCS~*drCn [Te | Me Unt [SSC Contin ——SSSC*d 
[ BVpgs_Drain- Source Breakdown Voge Ves = OV ip= 025 mA SCSC~*Y 
Vos = Ves. Ip = 08 mA 

riggs Gate Source Leakage Forward 

riggs Gato - Source Leakage Reverso SS 


loss Zero Gate Voltage Drain Current 


VpSion) On-State Voltage 


RpSion) Static Drain-Source On-State Resistance 4 


| 


SOA Safe Operating Area 


Vps = 200V, Veg = OV 

| 2 | Veg = 10V, Ip = 1.5A, Ta = 25°C 

| 9 | Veg = 10V, Ip = 1.5A, Ta = 125°C 

_ Si) 


Tc = 25°C, Ig = 225A, Vag = OV 


= 5V, Ip = 1.5A 


| 30 | ns | (MOSFET switching times are essentially independent 
of operating temperature.) 


| W_ | Vpg = 160V, Ip = 94 mA, See Fig. 16. 


Thermal Resistance 


Rthyc Junction-to-Case 
RthyA _ Junction-to-Ambient 


Oo iw) 
* * 


W 
Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 
ter Reverse Recovery Time Ty = 150°C, Ip = 2.25A, dip/dt = 100A/ys 


QrR Reverse Recovered Charge 2.0 Ty = 150°C, Ip = 2.25A, dig/dt = 100A/us 
‘ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value a Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Zrhsclt)/Renyc. NORMALIZED EFFECTIVE TRANSIENT | 


gfs, TRANSCONOUCTANCE (SIEMENS) 


Fig. 6 - 


2N6784 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 
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Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 


4-44 


1.25 


BVoss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 120 160 
es sucTiOn veunenia RE (9C) 


Fig. 8 - Breakdown voltage versus temperature. 


C, CAPACITANCE (pF) 


Rinne 
0 10 20 30 a0 50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 ys PULSE IS MINIMAL.] 


Ros(on). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


1p, ORAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance versus drain current. 


2N6784 


Vgs = 10V 
Ig 1.254 


Rps(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 


Vos = 100V 


Vos = “Ty 


N-CHANNEL 
POWER MOSFETs 


cee =e 
aa=> 4008 
PUTT Tt 
Alii iy | 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qy, TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 
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Fig. 13 - Maximum drain current versus case temperature. 


4-45 


2N6784 


Py, POWER DISSIPATION (WATTS) 
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Fig. 14 - Power versus temperature derating curve. 


VGS(on) +10V 
INPUT 


Vesiott) 0V— 


INPUT PULSE INPUT PULSE 
RISE TIME 


VpS(off) 
OUTPUT 


VoS(on) 
NOTES: 
WHEN MEASURING RISE TIME, Vgg(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vggio¢f) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHOO63 CASE GROUNDED. THAN THE PRECISION CF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 ys, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 
1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgc 
UNTIL THE SPECIFIED VALUE OF Ip AND Vos ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 + 1.0 Vdc. 


Fig. 16 - Safe operating test circuit. 
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Features 


2N6786 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


¢ 1.25A, 400V 

* DS(on) = 3.62 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Vescriptidii 
The 2N6786 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(0) 

fo} (0) 
DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


” 
requiring high speed and low gate-drive power. This type can be D ~! ti 
operated directly from integrated circuits. = Ze 

‘ ae p <= 
The 2N6786 is supplied in the JEDEC TO-205AF (Low Profile So 
Lu 
TO-39) metal package. is 
G Oo 
2. 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6786 UNITS 
Drain=Source Voltage x sss wn tc ewe tne ge te eae seen evereeeudes Vos 400* V 
Drain-Gate Voltage (RGS = 20K)... cee cece c tee eee eee neee VpGR 400* V 
Continuous Drain Current 
NES F200 toss veentuwinsieantiuweemtivecees ys Teves taswyeeawes Ip 1.25* A 
TG SET OOCS eases eg Rees asa oe tue Gs ee ore Sen Cea eee wee es Ip 0.8* A 
Pulsed Drain Curent: siiccaesers scat isan tee ees wwe desaes ues IDM 5.5* A 
Gate=Source Voltage’ 14 ieccui doen Sow cwd Vasaeeeeev aw anew tees Shai. Ves +20* Vv 
Continuous Source Current ....... ccc cee ec eee cence cen eeceeeeeseaees Is 1.25* A 
Pulse Source Cunent 4. save sions der etesusteaad oedeaee ter ea eaeee ISM 5.5* A 
Maximum Power Dissipation 
Te =+259C (See FIQUIC 14) cicccswiccews den chdueas ocbase peed ee ee Pp 15* W 
Above Tc = +259C, Derate Linearly (See Figure 14) ............eeeeeeee 0.12* W/9G 
Inductive Current, Clamped .........ccccccccccrccssvesevecesaccces ILM §.5 A 
(L. = 100pH) | 
Operating and Storage Junction Temperature Range............ Ty, [STG ~55 to +150* oC 
Maximum Lead Temperature for Soldering ........ccsceececencscesves Th 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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File Number 2207.1 


Specifications 2N6786 


ELECTRICAL CHARACTERISTICS at Tc = 25°C (Uniess Otherwise Specified) 


LIMITS 
CHARACTERISTIC TEST CONDITIONS |_LIMITS _l units 
| cuanacrenisric Min. [Typ. |Max. 


Drain-Source Breakdown Voltage BVoss Vas = 0 V, In = 0.25 mA 400*| — | — | V 
Gate Threshold Voltage - Vas(th) Vas = Vos, lo = 0.5 mA 2.0* | — [4.0° | 


Gate-Source Leakage Forward lass Vas = 20 V, Vos = 0 V | — | — {100* 


nA 
Gate-Source Leakage Reverse lass Vas = -20 V, Vos = 0 V | — | — |100* 


Turn-Of Delay Time ta(off) 
Fall Time t 


| Vos = 200 V, Ip = 75 mA, See Fig. 16. 
eae ee cree SOA [Vos = 12V, In = 1.25 A, See Fig. 16. 


THERMAL RESISTANCE : 


| | Vos=400V, Vas=OV | — | — [250"| 
Zero-Gate Voltage Drain Current loss ee 
Ves = 10 V, ln = 1.25 A Sa ae 
: : ; Ves = 10 V, In = 0.8A, Ta = 25°C 3.6" 
eaOvp=UeRT Tae |=} — fae] 
[Diode Forward Vattage® Veo | Te = 25°G, le = 128, Ves=0V Joe — [14] V— 
Ves =0V, Vos = 25V, f= 1MHZ | 60" [135 [2007 
Nene 
f 


Junetion-to-Case — ol ee aa = 5) 
Junction-to-Ambient Rea Free Air Operation — 1 | 


SOURCE-DRAIN DIODE SWITCHING CHARACTERISTICS (TYPICAL) 


Reverse Recovery Time tr J=150°C, Ir=1.25 A, dir/dt=100 A/ps 
Reverse Recovered Charge Qrr J=150°C, Ir=1.25 A, dir/dt=100 A/us 


. insi -on time is negligible. Turn-on speed is 
Forward Turn-On Time ton Intrinsic turn-on time i glig p 


substantially controlled by Ls + Lo. 
*JEDEC registered value. 


Pulse Test: Pulse width < 300 us, duty cycle < 2%. 


6 


et en tesco PP 
Vps > !pion) x Ros(on max) Pol ahead 
ee ee ee 
Pt | tt tT A ye tasce 
hr a ae aes 
eal 
hed 


Pt tT | TW | Sry=-ss°e} 


a 
uJ 
c 
Ww 
Qa. 
= 
= 
- 
z 
iw 
loa 
« 
2 
Oo 
= 
< 
a 
Q 
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Ip, DRAIN CURRENT (AMPERES) 
a) 


[aes ame ae 
) 20 40 60 80 100 120 0 2 4 6 8 10 12 
Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44120 ‘ 92GS-44121 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6786 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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Fig. 3 - Typical saturation characteristics. 


80 us PULSE TEST 
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92GS-44126 


92GS-44125 
Fig. 7 - Typical source-drain diode forward voltage. 
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Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


2N6786 
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BREAKDOWN VOLTAGE (NORMALIZED) 
RpS(on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
SSRee TERRE 
N 
altel eaves oes 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


92GS-44127 92GS-44128 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Crss = Cod f= 1 MHz 


Cgs Coa 
Coss = Cds + 
. Cgs + Cod 


ANS ee a 


Ee! a ee Dees AE 
| | Sis 


1 OA 
CXRECCCEEE 
5 GD 
ACIS 
a se 
PERE 


C, CAPACITANCE (pF) 
Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qg, TOTAL GATE CHARGE (nC) 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 9268-44130 


92GS-44129 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. ; Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


Rps(on) MEASURED WITH 
CURRENT PULSE OF 2.0 us 
DURATION. INITIAL Ty = 25 °C. 
(HEATING EFFECT OF 2.0 ps 
PULSE 1S MINIMAL.) 


Rps(on); DRAIN-TO-SOURCE 
ON RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (AMPERES) 
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= 
= 
tes 
es 
fe ae 
Poledoales 
ae ee ae 
i ae es ee 


Pestle Las 
0 1 2 3 4 5 6 7 8 
Ip, DRAIN CURRENT (AMPERES) 25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 
92GS-44131 
92GS-44132 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 14 - Power vs. temperature derating curve. 


Ves gil 
INPUT 9 


20% 50 % 
10 % 10 % 
VGS (OFF) OV INPUT PULSE 
RISE TIME INPUT PULSE FALL TIME 
ta (on) ty tg (off) ty 


N-CHANNEL 
POWER MOSFETs 


TEKTRONIX VDS (OFF) 
7623 OUTPUT 10% 90 % 
DSC. 
Vp (ON) 90 % 10 % 
NOTES: 


WHEN MEASURING RISE TIME, VGs(ON) SHALL BE AS SPECIFIED ON 
THE INPUT WAVEFORM. WHEN MEASURING FALL TIME, V@s(OFF) 
SHALL BE SPECIFIED ON THE INPUT WAVEFORM. THE INPUT TRANSITION 
AND DRAIN VOLTAGE RESPONSE DETECTOR SHALL HAVE RISE AND 
FALL RESPONSE TIMES SUCH THAT DOUBLING THESE RESPONSES 


NOTES: 15 VO = WILL NOT AFFECT THE RESULTS GREATER THAN THE PRECISION OF 
400k CASE GROUNDED: MEASUREMENT. THE CURRENT SHALL BE SUFFICIENTLY SMALL SO 
3. PULSE WIDTH = 3:8, PERIOD = 1 ms, AMPLITUDE = 10 V. THE PRECISION OF MEASUREMENT. 


92GS-44134 92GS-44135 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 

1. SET Vps TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1-s 
PULSE WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. 
INCREASE Vgs UNTIL THE SPECIFIED VALUE OF Ip AND Vps ARE 
OBTAINED. CASE TEMPERATURE = 25°C. 


2. SELECT Rg SUCH THAT Ip: Rg = 2.5 + 1 Vde. 
92GS-44136 


Fig. 16 - Safe operating test circuit. 
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@MyHarrs — -2N6788 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-205AF 
wee ON | BOTTOM VIEW 


* rDS(on) = 0.302 


e SOA is Power-Dissipation Limited 


SOURCE © GATE 
e Nanosecond Switching Speeds A 
e Linear Transfer Characteristics > 5 
¢ High Input Impedance | | ce 


e Majority Carrier Device 


Description 


The 2N6788 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 


The 2N6788 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
. 2N6788 UNITS 

Drain-Source Voltage (Note 1) 2.0... cece cece cece erence ent c ances Vos 100* V 
Drain-Gate Voltage (RGs = 20kQ) (Note 1)... eee eee e eens VDGR 100* V 
Continuous Drain Current . 

Tee Fe cc ib iccse ted os Medal 4040 TAREE Eee Ree es Ip 6.0* A 

TE HS 1000S ened pedi saed eve ike isa dered ab wR ee aN aee ele eaeyew ID 3.5* A 
Pulsed Drain Current (Note 2) ........ 2. ccc cee cee ec ener eenenes IDM 24* A 
Gate=Source VONaGe 4.05 sas sesinare tus eres eieid yee atal eeu’ Vas +20* V 
Continuous Source Current (Body Diode)........ cece cece cern et enceees Is 6.0% A 
Pulse Source Current (Body Diode) (Note 2)........ 0c cece cence et ennes ISM 24* A 
Maximum Power Dissipation 

Te = 425°C (See Figure: 14) ici rete scot and tinted ee wneieewens Pp 20* W 
Linear Derating Factor (See Figure 14) ....... cece cece cece cece ee nenes 0.16* W/9G 

«(Inductive Current, Clamped .0:0:0i08 cccce was tee ete eeee ee we eer eee ILM 24 A 

(L = 100pH) . 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering ..........ccceseeeeceeneees TL 300* °C 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 
NOTES: 
1. Ty = +25°C to +150°C 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 593 4 
Copyright © Harris Corporation 1991 ° 
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Specifications 2N6788 


Electrical Characteristics @ T¢ = 25°C eee Otherwise Specified) 


A 
Bvpsg_Drain - Source Breakdown Volage ‘| 100" | GS = Wig = 05 mA 

Vestn) Gate Threshold Voltage SSSCSC*diCO | os = vag.ip = 608 
Tigss___ Gate = Sou teskage Forward = 
T= 
al 
ea 


: 


Vpsion) On-State Voltage (2) 


RpSion) Static Drain-Source On-State Resistance (2) | — | 025 | 030° | 2 | Pe = 10V, Ip = “SEA, To = 25°C 


fr — | — | 054 | 2 | Vgs = 10V, Ip = 3.5A, To = 125°C 

[Vsp Diode Forward Votage @SSSC~*~“~‘“dCHC*SEC «dL | VC c= Ig = BOA GSO 
ats Forward Transconductance @) —=—SsSCS~wrC 2 | A | SW | Vps=SVIp= 935A 

Cisg Input Capacitance | 200° | 450 | 600° | pF | Vgs = OV, Vos = 25V, f = 1.0 MHz 

Coss Output Capacitance | 100" | 200 | 400° | pF | See Fig. 10 

Cree Reverse Transfer Capacitance | 20° {| 50 | 100° | pF | 

tdion) __ Turn-On Delay Time | — | — | 40% [ ns |*Vpp ® 35V, Ip = 3.54, 2 = 502 
RB 

tdlo Turn-Off Delay Time | — | — | 40* | ns_ | (MOSFET switching times are essentially independent 
a 15 (7 OT kh 

SOA Safe Operating Area | 20 | -— | -— | W_ | Vps = 80V, Ip = 250 mA, See Fig. 16. 


r 20 [ — | — | W_ | Vos = 3.V, Ip = 60A, See Fig. 16. 
Thermal Resistance 


Rthuc _ Junction-to-Casa 


| RinJa _Junction-to-Ambient | T= 175 | CW] Free Air Operation 
Source-Drain Diode Switching Characteristics (Typical) 

[trr____Reverse Recovery Time 80s Ty = 180°C, Ip = 6.0A, diplct = 100A/us 

| QnA Reverse Recovered Charge | | wT = 180°C, Ip = 6.0A, diplctt = 100A/us 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


@ Ty = 25°C to 150°C. ©) Pulse Test: Pulse width < 30Qyus, Duty Cycle < 2%. @) Repetitive Rating: Pulse width limited by 

max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
*JEDEC registered value 


rowsruseress ||| 
Vos >! p(on) x Rps(on)max 


80 us PULSE TEST 


Ip, DRAIN CURRENT (AMPERES) 
tp. DRAIN CURRENT (AMPERES) 


0 10 20 30 40 50 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) es Be eee VOLTAGE es 


Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


— 

TTT THT OPERATION IN THIS AREA LT 

+H : oa BY Y Rosin 
ae espace 


aa 
Somes oo 


To = 25°C 


Ig, DRAIN CURRENT {AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


mauel 

CELLS Sul TH 

“SINGLE PULSE rT TLTON cote 
Teoh ee 


102 5 0 20 50 100 200 500 
Vps. DRAIN-TO SOURCE VOLTAGE (VOLTS! Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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N-CHANNEL 
POWER MOSFETs 


2N6788 


; A er BSS 
7 ees SS ees Wt ae Se eee 
i= Cr iaet Oana teas 


+ + 4 + 


——— 


= oon, aie 
mieiaeees a i SCTE ae ame Ts ge ie ak 
J = : ——— rss ae 5 19 


+ —+— 1. DUTY FACTOR, D= a 


ai j ++ +——+—. 


THERMAL IMPEDANCE (PER UNIT) 
Qo 
NR 


Zthyc(t/ Rinse. NORMALIZED EFFECTIVE TRANSIENT 


0.02 22 ae SINGLE ata (TRANSIENT eats , + {| __ 2. PER UNIT BASE = Rinyc = 6.25 DEG. CW. 
Seeett—— THERMAL IMPEDANCE iS iRees | enor eFan anil 
0.01 i= ! Py PE PT | 
10-5 2 5 10-4 2 5 10-3 2 5 10-2 2 5 10°! 2 5 10 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 


BO us PULSE WEST: 
Vos >Ip (on) x Roston) max 


0 25 
Ip, ORAIN CURRENT nr Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


ts. TRANSCONDUCTANCE (SIEMENS) 


IpR. REVERSE DRAIN CURRENT (AMPERES) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


a) 


(NORMALIZED) 


BVpss. ORAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rys(anj. DRAIN TO SOURCE ON STATE RESISTANCE 


0 
-60 -40 -20 0 20 «40 «660060 80s 100 120—Ss:140 
Ty, JUNCTION TEMPERATURE (9C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


2N6788 


C, CAPACITANCE (pF) 
Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 Eas 20 30 40 50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Og, TOTAL GATE CHARGE. (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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a Rps(on) MEASURED WITH CURRENT PULSE OF ~—- | | \ e 


2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 ws PULSE IS MINIMAL.) 


0 
0 10 20 30 40 25 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Te. case TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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2N6788 


VGS(on) +10V 
INPUT 
Vesiott) 9V 


INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 


VoS(otf) 
OUTPUT 


VoS(on) 
NOTES: 
WHEN MEASURING RISE TIME, VGSion) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vesiotf) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE. 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHO063 CASE GROUNDED. : THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI. 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT GOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 ys, PERIOD=1 ms, AMPLITUDE=10V GREATFR THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 


BLOCKING 
DIODE 4729 


NOTES: 

1, SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vos ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Ag = 2.5 * 1.0 Vdc. 


Fig. 16 — Safe Operating Area Test Circuit 
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@ HARRIS 2N6790 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistor 
Features Package | 
TO-205AF 
° 3.5A, 200V BOTTOM VIEW 


Ld DS(on) = 0.82 
® SOA is Power-Dissipation Limited 


deca SOURCE GATE 
e Nanosecond Switching Speeds 5 
e Linear Transfer Characteristics 5 5 
e High Input Impedance ease 


e Majority Carrier Device 


Descriptioii 


The 2N6790 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D — tu 
operated directly from integrated circuits. = al 
=z 
The 2N6790 is supplied in the JEDEC TO-205AF (Low Profile = = 
TO-39) metal package. i wi 
G = S 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6790 UNITS 

Drain-Source Voltage vive sv ieaeae eed San eee eaeew sien edeaie ee wee Sale Vos 200* V 
Drain-Gate Voltage (RGS = 20K)... 6. cece ccc e cece renee eens VDGR 200* V 
Continuous Drain Current 

TGS FASS wrxosew ss datedu dere ee omncaemaen Sauee easel euaws Ip 3.5" A 

EG SA TO0CC ia cic sd oe iuoeeerniins ate ieens &o ip we de aie eas Ip 2.25* A 
Pulsed Drain Cun@nt css csassseaieycoaa ee saeede dius edcs pee sdwen’ IDM 14* A 
Gate=Source Voltage: sviies esi eaves aig wndawiee saens ous o4's Ce es's Ves +20* V 
Continuous Source Current (Body Diode)........... ccc ccc c cece ee ceees Is 3.5" A 
Pulse Source Current (Body Diode) (Note 2)........... cece weet e ee ISM 14* A 
Maximum Power Dissipation 

Te = 425°C Gee Figure 14) 6c ictcid eltawed towed cece mes ian swe ae Pp 20* W 

Above Tc = +25°9C, Derate Linearly (See Figure 14) .........c eee eeeee 0.16* W/°9C 
Inductive Current, Clamped 2. 2.ccsiscewde ssc ccc eb desde reese eeees ILM 14 A 

(L = 100p1H) | 
Operating and Storage Junction Temperature Range............ Ty, ISTG -55 to +150* °C 
Maximum Lead Temperature for Soldering ....... ccc cece cece eee ee eee TL 300* °C 

(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 900.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6790 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


_PavamsterSSS~*dSCn Tm | Me [Units [SCR Conttons Cd 
[BVpss Drain - Source Breakdown Vorage_——=—S—«df 200" | — | — | V_|Vog=OVip=0%mACC~*d 
Vasitny Gate Threshold Vorege ——SSSSSSCSCSC~*C | | A | _V_| Vos = =es iD 10mA 

[igss Gate - Sou Leakage Fond [=| 08 | na | Vg = 20, Vpg = YT 
igss Geto Sourée Leakage Reverse ———S«d— | | 100" | nA] Vos = -20V, Vps= OV SCSCS~S 


ipss Zero Gate Voltage Drain Current [= [=] 250" [| Vg = 200V, Veg OVS 
[= [= [1000 Jw | Vs = 160V, Veg = OV To = 15 
Vosten) OnState Vorags®@ ———SSCS~SCS iY | 28" |_| Vig = 10 Ip = SEA 


RpSion) Static Drain-Source On-State Resistance? | = { 0.50 [ 0.80" [| @ | Vg = 10V, Ip = 2.25A, Ta = 25°C 


rT — [ — [150° | 9 | Vgg = 10V, Ip = 225A, Ta = 125°C 
om | —_[ 15" | V_] Tc = 25°C Ig = SBA, Ves = OV 
a ce eee A a 
[iss Input Capacitance ———~SCSCS~SCS~S (200 | 450 | BOOT | BF | Vas = OV, Vg = ZV, = 1.0 MRE 


[Coss Output Capacitnce__——~—~S~S~S OF] (BO | 800" | pF _| Se Fig. 10 
[Cras Reverse Transfer Capacitnce——=S~dCi || | 
talon) Tun-On Delay Time SSSSCS~wS | 0 |_| Vp © 78V, Ip = 228A, Ze = OO 
ry Ree Time—SSSCS™S~SSCSSSCS CY =] 8 os] S00 Fig. 15 

[taoig_Tum-OF Delay Time | | =| 80% |e _| (MOSFET switching times are essentially Independent 
ry atime ST |_| | ne _| 2 Sp erating tompotts 


be 


= 160, Ip = 125 mA, See Fig. 16. 


Thermal Resistance 


Rthuc Junction-to-Case ; 
hs = [ — | 178 [°c/w| Free Air Operation | 


fe) 
é 


te Reverse Recovery Time i: = 150°C, Ip = 3.5A, dig/dt = 100A/us 
QrrR __—~Reverse Recovered Charge | 2s, | sCTy = 150°C, Ip = 3.5A, dip/dt = 100A/ys 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 
*JEDEC registered value 


aPulse Test: Pulse width S 300us, Duty Cycle = 2%. 


20 


80 ys PULSE TEST 
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Ww oc 
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Fig. 1 - Typical output characteristics. | Fig. 2 - Typical transfer characteristics. 
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HVCRERADION IN THIS AREA 
: | oT Ty 


80 ps PULSE TEST 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Seen 


Sn oe Oe ee Oo OS ES seesmeecs 
0.05 COA CONES SR GE A SE ee 


0 2 4 6 3 10 102 5 10 2 50 100 200 500 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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1}, SQUARE WAVE PULSE DURATION (SECONDS) 


THERMAL IMPEDANCE (PER UNIT) 


1, DUTY FACTOR, D = z 


Zthsclt/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case versus pulse duration. 


80 ys PULSE TEST 


> 


SH 
Y f | As EES 


Ots. FRANSCONDUCTANCE (SIEMENS) 
Ip. REVERSE DRAIN CURRENT (AMPERES) 


N-CHANNEL 
POWER MOSFETs: 


In. DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance versus drain current. 
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Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


2N6790 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
RpS(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 120 160 aa 120 - 160 
Ty; JUNCTION TEMPERATURE (°C) : sNGRIGN TeeRATUnE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 
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800 F Ciss = Cog + Cgg, Cys SHORTED K 
Crss = Cog =) 
: = Vps = 100V 
Coss = Cop + pe w | 
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Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. : ; . voltage. 
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oe 
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Sea ERREEN 
ee ae 


Rosin). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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Ip, ORAIN CURRENT (AMPERES) Tc, CASE a cag (°C) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case 
temperature. 
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Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIDTH 
VGSion) +10V 
INPUT 


N-CHANNEL 
POWER MOSFETs 


Ves(ott) OV 


INPUT PULSE INPUT PULSE 
RISE TIME 


VoSioft) 
OUTPUT 


VpS(on) 
NOTES: _ 
WHEN MEASURING RISE TIME, VGS(on) SHALL BE AS SPECIFIEO ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgg(ofq) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1. LHO063 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD =1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C, 

2, SELECT Rg SUCH THAT Ip © Rg = 2.5 + 1.0 Vac. 


Fig. 16 - Safe operating area test circuit. 
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Features 

© 2A, 400V 

* DS(on) = 1.82 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


2N6792 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(9) 

(9) 
DRAIN 
(CASE) 


The 2N6792 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 


Terminal Diagram 
_N-CHANNEL ENHANCEMENT MODE 


requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. | 
The 2N6792 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. a 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
| 2N6792 UNITS 

Drain-Source Voltage ........ die BWeeee Ae RNA ete nanei eee eeees Vos 400* V 
Drain-Gate Voltage (Rqs = 20k22). PT ee er ee VpGR 400* V 
Continuous Drain Current 

TG 2 OOC ene Nocne away A Gets awa eN Manes Maree a eer auaw ae adios Ip 2* A 

TE SP tOOCC si dase as hota tatw eek mererneehane means ID 1.25* A 
Pulsed Drain: Current: 2 cses ions Laveswsaciw eae daewa vapnebeeed casas lpoM 10* A 
Gale=Source Voltage adsey hess kw yea hina vie gwades a tease aes Vas +20* V 
Continuous Source Current ...........00085 ni Diaaac wate Smwny seemed arene Is 2* A 
Pulse Source Curents:.c sir ix Seneca tenes sei eaa wveley semester agacvers ISM 10* A 
Maximum Power Dissipation 

To = +259C (See Figure 14) ..... cece cece eect sees e ene eeeeeeeeeeens Pp 20* WwW 

Above Tc = +25°C, Derate Linearly (See Figure 1 ene eRe avn 0.16* W/0C 
Inductive Current, Clamped ......... ccc ccc c cece cece nce eeeeeeene ILM 10 A 

(L = 100yH) 
Operating and Storage Junction Temperature Range............ Ty, TSTG ~55 to +150* oC 
Maximum Lead Temperature for Soldering .........sceesccccceccccees TL 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications 2N6792 


Electrical Characteristics @ T¢ = 25°C (Uniess Otherwise Specified) 


Parameter : Test Conditions 


_ Gate - Source Leakage Forward 
Gate - Source Leakage Reverse 
Zero Gate Voltage Drain Current 


GS = 20V, Vps = OV 
GS = —20V, Vps = OV 
ps = 400V, Ves = OV 


ou 
eee 
oe 
age a 
aw 
[= 000" [na [ Vos = 320, Vgs = Ov. Te = 5 

| — | GS = 10V, Ip = 2.0A 

| 1.50 | GS = 10V, Ip = 1.25A, Ta = 25°C 

ae [es = 10, Ip = 1258, Ty = 125°C 

Ea Tc = 25°C, Ig = 20A, Vag = OV 

P20 | Vos = 5V, Ip = 1.25A 
450 Ves = OV, Vpg = 2V, f= 1.0 Ma 
Cogs Output Capactanea arf 100 

Cres Reverse Transfer Capacitance | 20 | 
tdion) _ Turn-On Delay Time } = 

a 
fae 
ie 
aes 
zm 
Re 
iinet) 


| ns | (MOSFET switching times are essentially independent 
tt Fall Time of operating temperature.) 


SOA Safe Operating Area 


Source-Drain Diode Switching Characteristics (Typical) 


tir Reverse Recovery Time | 450s ns | «Ty = 150°C, If = 2.0A, digidt = 100A/us 
QeR ‘Reverse Recovered Charge PT | Ty = 150°C, Ip = 2.0A, dip/dt = 100A/us 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value 


N-CHANNEL 
POWER MOSFETs 


aPulse Test: Pulse width = 300us, Duty Cycle = 2%. 


| marnseresr | | | | | | | | 
ae ey A 
a ae a ae 
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a aaa ee | a 
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7 2.) ae ee eee : 
2 elie 
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a 6 cs 
bed a 
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z 2 
< z 
= : <3) (SRE 
° ? Ny Al 
2 
0 100 - 200 300 0 2 4 6 8 10 
Vos. ORAIN-TO SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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E ieee 3 ot matill }100 mst | 
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“ja Pe a a 0.05 [7 mannii eo oo 
, ae Za --| |_| + ow fep smsteruise COT TE PEP 
es ee ae SING TE TU toe 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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iaEEenE SSSESS?: 
RMS aes: 


THERMAL IMPEDANCE (PER UNIT) 


1, DUTY FACTOR, D = 2 


0.02 | 0.0 =ai in 2. PER UNIT BASE = Rinjc = 6.25 DEG. C/W. 
3. Tym - To = Pom Zthsclt). 
19-5 ae 5 10-4 2 § 10-3 2 5 10-2 2 5 10°! 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zthyc(t)/Rinyc, NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case versus pulse duration. 


Qfs, TRANSCONDUCTANCE (SIEMENS) 
Inn. REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) . Vsgp. SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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(NORMALIZED) 


0.95 


BVpsS, DRAIN-TO-SOURCE BREA 
Rps(on). ORAIN-TO-SOURCE ON RESISTANCE 


-40 120 160 
. mee eee ure (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus. 
temperature. 
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Fig. 10 - Typical capacitance versus drain-to-source. Fig. 11 - Typical gate charge versus gate-to-source. 
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SAN A ae CTT 
a 2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
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Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case. 


temperature. 
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20 
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‘Py, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIDTH 


VGS(on) +10V 
INPUT 


Ves(ott) OV 


INPUT PULSE 
RISE TIME 


VoSioft) 
OUTPUT 


VpS(on) 

| NOTES: 
WHEN MEASURING RISE TIME, Vggign) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vggioff) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND ORAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: ; DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1. LHO063 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 


3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 472 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgg 
UNTIL THE SPECIFIED VALUE OF Ip AND Vog ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip # Ag = 2.5 + 1.0 Vac. 


Fig. 16 - Safe operating area test circuit. 
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Features 

e 1.5A, 500V 

* rDS(on) = 32 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6794 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The 2N6794 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


2N6794 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE SAIS 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


Drain-Source Voltage. c sicasi cantare ses vie eer aeekaetieeenaneus Vos 
Drain-Gate Voltage (RGS = 20K)... eee cee cece nee eee e teens VDGR 
Continuous Drain Current 

Votes Ce at reer tr eer e eT er oee ee Te eRe re er ee ee Ip 

TG SE 1CO Ces ott reliant ces deli ear cea tete tates Geersue Ip 
Pulsed Drain Curentcavorwe dsc eetek cnn sek eae Sens caw ene ee ee saws IDM 
Gate-Source VONAGE: cuin-ecunsacner ine sve Case see tete veamered ects Vas 
Continuous Source Current . nsec cnvdnee ve ci cee ce sean etesestewsecans Is 
PUISe SOUCE CUNENT ui iu deaaeeh aise ada caee (ick eadeadeeeis ees ISM 
Maximum Power Dissipation 

TG =+259G (See FIQUIE TA) io6 eves deceive sewdetwacdeeiia tiene ian Pp 

Above Tc = +259C, Derate Linearly (See Figure 14) ............. eS 
Inductive Current, Clamped 6. os. ...0. vacate cee seek eeu iaesewens wees ILM 

(L = 100uH) 
Operating and Storage Junction Temperature Range............ Ty, ISTG 
Maximum Lead Temperature for Soldering ...........e cece eeececeees TL 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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1.5* 
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20* 
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Specifications 2N6794 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 

CSSCSCS~S~CSCé rameter Sd WMins | sTyp. | Max | Unite | ——=SSSsTeat Conditions =~ 
PBVpss_Drein- Source Breakdown Votage «| BOO” | — | — | V | Vgg=OV,Ip=025mA 
TVesithy Gate Threshold Votage ss SC«T Or | — | 40" | V | Vps=Vosip=10mA 


Ligss Gate Source Leakage Forward | TT t00" nA | Vos = 20V, Vpg = OV 
LIgss__ Gate Source Leakage Reverse | = Tf 100" TA | Vas = -20V, Vpg = OV 
| — | 260° | vA _| Vos = 500V, Vag = OVO 
| Vosion) On-State Voltage 0 HV gs = Vip = 6A 
aoa eee en ae agg =p = tn Tg = 
| | — | — | 66° | a | Vos = 10V, Ip = 1.00, Ta = 126°C 
| Vsp___Diode Forward Voltage 0 ee VT Tg = 28°C, Ig = 1.84 Vos = OV 
| Ofs Forward Tranaconductencea, 0 1.0" | 1.78 | 3.0" | SiO) | Vos = 8V.Ip = 100A 
| Cog Input Capacitance 200" | 900 | 00" | PF | Ves = OV, Vos = BV.F= 10MHz | 
oe 
Cras Reverse Transfer Capacitance | 5.0" | 20 | 40° | pF | : 
| taton) —Turn-On Delay Time 40" ns | Vo © 228V, Ip = 1.04, Zy = 500 
aL ree (ee ee 
Sa a a ee ee oe eerie 
LL Ti aaa ae ace Og (Oe (Aa OR | 
SOA Safe Operating Area {20 | = | = | WI Vos = 200V, Ip = 100mA, See Fig 16 
| 20 | - | = |W] Nos = 133V, Ip = 1.58 See Fig 1 
Thermal Resistance | 
[Rinse Junctionto-Case = 8 cw 
| Finja _JunctiontoAmbient 00 = 8 | 8c 


Source-Drain Diode Switching Characteristics (Typical) 
Ltr____Reverse Recovery Time 


QpR Reverse Recovered Charge [38 | wc | Ty = 150°C, Ip = 1.50A, dipidt = 100Alus 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


* JEDEC registered value @ Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


80 ys PULSE TEST 
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ii Seale 


gts. TRANSCONDUCTANCE (SIEMENS) 
Ipp, REVERSE DRAIN CURRENT (AMPERES) 


Ip, ORAIN CURRENT (AMPERES) Vsgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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0.85 


BVoss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros (an), ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75% 
120 160 -40 - 0 40 120 160 
F re remenATONE (OC) Ty, JUNCTION ae (9C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 


Cisy = Cos + Cog, Cds SHORTED 


Fa 
Cres = Coq 3 
; Cos Cog = || 
w - Sg 
oO = 
z A TITTY J 
= o 
o 
< s 
= 3 V4 
. i=) 4 
< 
© 
; CCC ee 
> 
0 10 20 30 40 50 0 4 8 12 16 20 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. FOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
ip. DRAIN CURRENT (AMPERES) 


Rps(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


; 0 
25 s =o 100 125 150 
1g, ORAIN CURRENT (AMPERES) Tc, CASE. TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (0C) 


Fig. 14 - Power versus iemperature derating curve. 


PULSE WIOTH 


VGS{on) +10V 
INPUT 


N-CHANNEL 
POWER MOSFETs 


Vesiott) &V 


INPUT PULSE 
RISE TIME 


VpS(otf) 
OUTPUT 


VDS(on) 
NOTES: . 
WHEN MEASURING RISE TIME, Vgs(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgsioft) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE. 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1. LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 ys, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 472 


NOTES: 
1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 + 1.0 Vee. 


Fig. 16 - Safe operating test circuit. 
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it HARRIS 


2N6796 


| | N-Channel Enhancement-Mode 
August 1991 | | Power Field-Effect Transistor 


Features | Package 
TO-205AF 
oneaee™ BOTTOM VIEW 
Ad DS(on) = 0.1829 
© SOA is Power-Dissipation Limited 
SOURCE GATE 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 
e High Input Impedance 


¢ Majority Carrier Device 


Description 


The 2N6796 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 


The 2N6796 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Copyright © Harris Corporation 1991 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6796 UNITS 

Drain-Source Voltage (Note 1) ......... oviancenG aut tatatta ss Menod der Vos 100* V 
Drain-Gate Voltage (RG@S = 20k1) (Note 1) 0... cece eee eee cence VpDGR 100* V 
Continuous Drain Current 

UG 2S9C cere niu atid eee inceieahig ett oom Mer aten Ip 8.0* A 

TOS HOOF wos taes traesa ee cconatedaek casino cgteamel wate evan Ip 5.0* A 
Pulsed Drain Current (Note 2) 2.0... ... ccc ence cecce een er ene eenaceees IDM 32* A 
Gate-Source Voltage = cou csi wise esc eh oie ie Nwesias eaten vee View ne Vas +20* Vv 
Continuous Source Current (Body Diode) ........ cc cece esc e cece enone Is 8.0* A 
Pulse Source Current (Body Diode) (Note 2)... .....cce sce eenccescecs ISM 32* A 
Maximum Power Dissipation 

TES 4 25°C (See FIGUre 14) on vec dcwectten ees cneontevacdveluwiws Pp 25° W 
Linear Derating Factor (See Figure 14) 2... . cc cece cece nce e eee ereeeens 0.20* W/°C 
Inductive Current, Clamped ......... ccc cence cece nce c cere en ecseees ILM 32 A 

(L = 100uH) . 
Operating and Storage Junction Temperature Range............ Ty, TSTG ~55 to +150* oc \ 
Maximum Lead Temperature for Soldering .........0+eseseeee eee eeees TL 300* oC 

(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
NOTES: 
1. Ty = +25°C to +150°C 
2. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Fig. 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 594.1 
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Specifications 2N6796 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
Po Parameter Mins Typ. [Max | Units [Test Conditions 


PBVpss_Orein - Source Breakdown Voltage «| 100" | — | — | V | vag=0V.ip=025mA 
[Vasitny Gate Threshold Votoge | 2 | ~*T 4O T CV | Vps= Ves ip =08mA 
Pigss Goto Source Usekege Forward | S| (1008 | WA | Ves=2V.\ps= OVC 
Tigss Gato Source Leakage Reverse | «| (| WOO" | A | Veg= -20V.Vps=OV 
Ipss Zero Gate Voltage Drain Curent P= [= Pr A [vps = WOVVes= OVC 
ee em eee wie 
[Vosion) OnStete Vonage @SC—“*‘“*~*sSC SCS ~S«dCSOT EV [cs = 10V,Ip= BOA 
|) — [| — [ 035" | 9 | Veg = 10V, Ip = 5.0A, To = 125°C 
Vsp _. Diode Forward Voltage (2) 075° | — | 15° [ V_ | Te = 28°C, Is = 8.0A, Veg = OV 
[ats Forward Transconductance @)—=SSSSCSC~*d;C | 8S | BOY [ SW | Vos=V.Ip= SOA 
[Cisg Input Capacitance ———SSSSCSCSCSC*d;«CSO | 600_| 900" | pF | Vg = OV, Vg = 25V, f= 1.0 MHz 
Coss _— Output Capacitance | 150* | 300 { 500° | pF | See Fig. 10 
[Crsg Reverse Transfer Capacitance —=—=SCSC~*dt~CO | ~100_—| “TOY | PF 
tajony) _Tun-On Delay Time | | (| (80 [ns | Vp #900, Ip = 50K Z, = 500 
ty Rise Time | — | - | 75* | ns | See Fig. 15 
ajo —TurwOH Delay Time T= [aor Ts | mo sF switching times are essentially independent 
SOA Safe Operating Area 2s | — | — | W_ | Vps= Vip = 310mA Seofig 16 
| 2 { — [| — | W | Vps = 3.12V, Ip = 8.0A, See Fig. 16. 
Thermal Resistance 
BETS a Og OC 6 
Puasa Junetionto- Ambient P98 [ecw | Free ir Operation 


Source-Drain Diode Switching Characteristics (Typical) 
trr Reverse Recovery Time | 300i (sssdTens sf Ty = 150°C, If = 8.0A, digidt = 100Alus 


QaR __ Reverse Recovered Charge PBs Ty = 150°C, Ip = 8.0A, dipidt = 100A/ys 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


@ Ty = 25°C to 150°C. @ Pulse Test: Pulse width < 300us, Duty Cycle < 2%. @® Repetitive Rating: Pulse width limited by 

max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
*JEDEC registered value 


80 pss PULSE TEST 80 pss PULSE TEST 


Vos >!Dion) * Rps(on) max 


N-CHANNEL 
POWER MOSFETs 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


‘ 0 2 4 6 8 10 12 14 
Vpg, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
100 Cet UE ee a me OR GE OE Gow ee ee es eT ee Se em 


80 ys PULSE TEST : 
50+ -+—-F-# 15 LIMITED BY Rosny § +++ HHtF 
pte | penal Jebel pont stele Pe ty 
Lt Let OPTS LNA roast 
0 SS mei 


Lt eA 
MBAR NR), Cll 


ae 6 ee a 
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_ 
ao 


[ | »—4 t=] 
ANTON cot 
I mm wna 
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THEN TR 0 TH 

rot LL LL ATT Baill 
SESE 

us 


oe 
oD eS a WS S 
Rah we ae 
Py UN 


* Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Pt To = 25°C numer 
Pt Ty = 150°C MAX. TT ra 
L Troe 5oKW +t TTT | tt 
| I sincte purse | | II IINoc | | LTT 
| BEBE i 

| 
10 2 6 10 20 .80. 100 200- 500 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


0.5 


0.2 


0.1 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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ae Os 0 ee eee 
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2 = 0.05 as Bi ums i 
so Pld 2 ol 
z= ee eT Sseeees rckies isaac 
é F001 
% 
Z 
™~ 


i Seer Tene enone 2. PER UNIT BASE = Rrnyc = 5.0 DEG. CW. 
THERMAL IMPEDANCE) 3. Tym - Te = Pom Ztnscll)- 
oor emeeto LT COCO Cec 


a = 5 10-4 2 5 10-3 5 19-2 2 5 1071 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal !mpedance, Junction-to-Case Vs. Pulse Duration 
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Tie 


jg. TRANSCONDUCTANCE (SIEMENS) 
Ipp. REVERSE DRAIN CURRENT (AMPERES) 


0 0.5 1.0 1.5 2.0 2.5 3.0 
Ip, DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-ORAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current _ Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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tus tus aw 
aN ON 
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: s wit | | 
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Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Ciss = Cos + Cog, Cds SHORTED 
Crss * Cou 


CoC 
£ gs “gd 
vos Con” Taya 


C. CAPACITANCE (pF) 
Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 
Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 


06 


19Ston} MEASURED WITH CURRENT PULSE OF 


a 
= 
= 2.0 us DURATION. INITIAL T) = 25°C. (HEATING 
= OS il OF 2.0 us PULSE IS MINIMAL.) 8 
oO ‘ | 
< 4 

[ood 
= 
i) = 2 
ad 
= 0.3 « a bs 
oO oOo 
a z 4 — Ss 
= = = 
= 02 & <= 
= 5 ce 
Moo > & 
a t 
= 2 , z= 
a eo al Mt tes Tee oN = 
=) o. 
ac 


Seen eaaeeks 


0 
0 10 20 30 40 50 60 25 50 75 100 125 150 
Ip. ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 


Po, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (9C) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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Vesion) +10V 
INPUT 
Vestott) OV 


INPUT PULSE INPUT PULSE 
RISE TIME 


VpSi(otf) 
TEKTRONIX OUTPUT 
7623 

Osc. Vos(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgsign) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgg(of) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: ; DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SQ THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 


BLOCKING 
DIODE 


NOTES: 

1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vos ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip ® Rs = 2.5 + 1.0 Vdc. 


Fig. 16 — Safe Operating Area Test Circuit 
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a) HARRIS 2N6798 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistor 
Features Package 
TO-205AF 
Sra 2np zoey BOTTOM VIEW 
* rDS(on) = 0-42 
¢ SOA is Power-Dissipation Limited 
ss SOURCE Gate 
® Nanosecond Switching Speeds 6 
e Linear Transfer Characteristics 5 a 
¢ High Input Impedance DRAIN 
(CASE) 
e Majority Carrier Device 
Description 
The 2N6798 is an n-channel enhancement-mode Silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors w 
requiring high speed and low gate-drive power. This type can be D are rr 
operated directly from integrated circuits. a B 
=z 
The 2N6798 is supplied in the JEDEC TO-205AF (Low Profile = = 
TO-39) metal package. Pw 
G a 
ro) 
a. 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6798 UNITS 
Drain=Source VolaGe <4 evisu ie osdawiw ea sausn wee wan eganee tee’ Vos 200* V 
Drain-Gate Voltage (RGS = 20K)... . cece cece cece eter e eee eens VDGR 200* V 
Continuous Drain Current 
TG 50 cates eas an ce sie anaa cneenvode dacadaiuarsanineds Ip 5.5* A 
TE 41009C sesvawenancngees Eds ttsene ckontaaiacanncleaend ahs Ip 3.5* A 
Pulsed Drain Guirents cssecieats ire tees cee eee ea era bie ewe ied IDM 22* A 
Gate=Source Voltage: o.:6. tase sed down sse ecto s eed nedewns te seeks Vas +20* V 
Continuous Source Curent iiss ss newcsis ss aes ce tewina Fee badeiuineae nvr Is 5.5* A 
PUISS SOUICE CUENE sci tard 36 wane Qtek sie aneancans Monkees es ISM 22* A 
Maximum Power Dissipation 
To = +259C (See Figure 14) 0... ... ccc cece cence cc cnenscennccenens Pp 29° WwW 
Above Tc = +2509C, Derate Linearly (See Figure 14) ...........cce eee es 0.20* W/°C 
Inductive Current, Clamped ....... ccc cee cece een cence eee eeseneees ILM 22 A 
(L = 100pH) 
Operating and Storage Junction Temperature Range............ Ty, STG ~55 to +150* °C 
Maximum Lead Temperature for Soldering ......-...0.eceseeeeseenees TL 300* OC 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number | 1 90 3.1 
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Specifications 2N6798 


Electrical Characteristics @ Ie = 25°C (Unless Otherwise Specified) 


arated in] Tee [Me [nts [SSCS Conditions ———SSSC~*d 
Bvpgs Drain - Source Breakdown Vokage_—~—=«t; aor | — | — | V | Veg=Olp=O02mA CS 
[LWesitny Gate Trreshold Vonage ——SSCSCSC*~S~—s OF | | A | | gs og I OMA SCSC~S 
rigs Gate - Source Leakage Forward ——=~SC~«ESC | | 100" | nA | Vos Vv. Vpp= OV SCSC~SCS 
igs Gate - Source Leakege Reverse | — | — | 100" | nA_| Vgs= -20V, Vpg=W SSS 


ips Z2r0 Gate Voltage Drain Current = [=| 280" [uA] Vg = 20V, Veg OV SOSCS~S~S 
[= [=| 1000" [uA | Vpg = 160V, Veg = OV Tg = 15S CSC~*” 
SE a BE 2 A 


RpSion) Static Drain-Source On-State Resistance 4 | — | 025 | 04* | Q | Veg = TOV, ae = 35A, Ta = 25°C 
P= | — [ove [a _| Ves = 10V, Ip = 35A, Ta = 126°C 


TVep Diode Forward vanage® ———SSCS~“~*~—s OO | — | | | = Ig = BEA GS = OV 
[ote Forward Transconductence?™_———~—S~d ia | 48 | 78 | SW | Vps=5V.Ip= 35 
Ciss Input Capacitance _——~—~SC~S~S 880" | 800] 90" | PF | Vas = OV, Vg = BBV, F = 1.0 MI 

[Coss Output Capacitance __——~—~S~S~S~S~S 100" | 280 | BY | PF _| S00 Fig. 10 


[Crgg Reverse Transfer Capacitance _—=~=~S~rtC || (8 | 

glory) Tu-On Delay Time ———SSSCS~S CYC "Ip = 35K, % = 600 
t.__-Rise Time [== 50" [rs | 800 Fig. 15 

eto Tum-OF Delay Tine 50 [re] (MSFT switching times ar essen independent 
Ca: Lo eres i aoe 


ae 
SOA Safe Gperating Area | 2 | — | — | W | Vpg = 160V, Ip = 155 mA, See Fig. 16.  — | = 160V, Ip = 155 mA, See Fig. 16 
== Vos = 45V, Ip = 5.5A, See Fig. 16. 


Thermal Resistance 

ise iunetontoGaws 8 | 
Finsa_dunetonte Armbjont dT Le Leen | Free A Operation 
Source-Drain Diode Switching Characteristics (Typical) 


the Reversa Recovery Time | = (sx 450—C wsssisdTess | Ty = 150°C, Ip = 5.5, dig/dt = 100A/ys 
Qrr Reverse Recovered Charge 80s | Ty = 150°C, Ip = 5.5A, dig/dt = 100A/ys 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value 4 Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
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elect edie eee ‘ Ske), SS aeee 
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Vgs = 6V 


Ip, ORAIN CURRENT (AMPERES) 
NR 


Ip, ORAIN CURRENT ‘AMPERES) 


ars 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
om GATE-TO-SOURCE VOLTAGE (VO es 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Zinyclt)/ Reng: NORMALIZED EFFECTIVE TRANSIENT Ip. DRAIN CURRENT (AMPERES) 


fs, TRANSCONDUCTANCE (SIEMENS) 


Fig. 6 - Typical transconductance versus drain current. 


THERMAL IMPEDANCE (PER UNIT) 


2N6798 


+--+ TH OPERATION IN THIS AREA =o 


| {| {| { { | Mis cimiteo By diicir 
= 5 =u an 


Ip, DRAIN CURRENT (AMPERES) 


pe al SINGLE PULSE aa 
eo AG a 
5 


10 =.20 


50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


100 200 500 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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N~CHANNEL 
POWER MOSFETs 
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am — ane 1. DUTY FACTOR, D= 1! 
ae Sto te 7 


Siete eneicey eale TEM fec AUNT a 
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MERMALIMPEDANCE) TTT TTT 


2 5 2 2 5 il 2 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


2. PER UNIT BASE = Rinse = 5.0 DEG. CW. 
3. Tym- To = Pom 2thyc lt). 


5 10-3 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


Ipr. REVERSE ORAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 
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BVpss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


"40 0 40 80 120 160 , 120 160 
Ty. JUNCTION TEMPERATURE (0C) ae Whenen Tecate (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 


C, CAPACITANCE (pF) 
Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


—— | 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Q,, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 


Ros{on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip, DRAIN CURRENT (AMPERES) 


Rps(on) MEASURED WITH CURRENT PULSE OF 
2.0 us OURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


0 
0 10 20 30 40 25 50 75 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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Pp. POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 2 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIOTH 


VGS{on) +10V 
INPUT 


N-CHANNEL 
POWER MOSFETs 


Vas(ott).0V 


INPUT PULSE INPUT PULSE 
RISE TIME 


VoS(ot) 
TEKTRONIX OUTPUT 
7623 

OSC. VoS(on) 
NOTES: 

WHEN MEASURING RISE TIME, Vggion) SHALL BE AS SPECIFIED ON THE INPUT 

WAVEFORM. WHEN MEASURING FALL TIME, Vggioff) SHALL BE SPECIFIED ON 

THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 

SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHO063 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI. 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 ys, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 
1. SET'Vps TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ig © Rg = 2.5 + 1.0 Vie. 


Fig. 16 - Safe operating test circuit. 
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@ HARRIS _ 2N6800 


N-Channel Enhancement-Mode 


August 1991 | | —— Power MOS Field-Effect Transistor 
Features | Package 
TO-205AF 
° 3A, 400V BOTTOM VIEW 


° rDS(on) = 12 


e SOA is Power-Dissipation Limited 
SOURCE GATE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6800 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from an integrated circuit. 


The 2N6800 is supplied in the JEDEC TO-205AF ow Profile 
TO-39) metal package. . 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6800 | | UNITS 

Drain-Source Voltage ....... edudanlaus< dtAaw ane henecene sane Vps 400* V 
Drain-Gate Voltage (RGS = 20KD)...... ec cece eee eens ean eaeteias VDGR 400* V 
Continuous Drain Current | 

To =+259C ....... Labia eae undead terol Wie np eae oma ID 3 A 

TS A1009G 65 oso ciae ee nete iitads aha Mo ewadere se sa eee iGes ID 2 A 
Pulsed Drain Gurren iis coos Sadecin iene ed Ge se dag ened ses Caw aoe ae IDM 14* A 
Gate-Source VONage: v5.6 sven acing peste a enh aae es Red EA Vas '  #£20* V 
Continuous Source Current ........ ccc cece cece cence eee ecesconecee Is 3* A 
Pulse SOUICE CUIIENE 4s acicctaccy-ng ebted acetaglee downside daw eaaaee oy. ISM 14* A 
Maximum Power Dissipation | 

To = +259C (See Figure 14)... .... cece ccc eer ceetectesecsescesanes Pp 25* WwW 

Above Tc = +259C, Derate Linearly (See Figure 14) ........cceeeeeeeees 0.20* W/9C 
Inductive Current, Clamped .......... pee eee eens eee eneneenenesesees ILM 14 A 

(L = 100yH) 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* dC) 
Maximum Lead Temperature for Soldering ..........cccceccenecccuens TL 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6800 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


A 
BVpgs_ Drain Source Breakdown Vege | or | - | — | V | Vag=OVip=02mA 
Westy Gato Threshold Votage ———SSCSCSCSCS~— OF | | A | pg = Veg Ip OMA 
igss Gate - Source Leakage Forward | - | — | 1) | nA | Veg = 20, vps= OV SSCSC~™ 
riggs Gate Source Laskege Reverse | - | ~ | 100" | nA | Vgg = -20V, Vpg = OVS 


loss Zero Gate Voltage Drain Current fT — [{ — | 260° [ pa | Vps = 400V, Veg = OV 
| — | — [000° | yA | Vps = 320V, Ves = OV, To = 125°C 


[Waster OnState Vokoge® SSCS. S| 8 | Vd gg I = BOR 


Rpsion) Static Drain-Source On-State Resistance 2 | — | 08 {| 10° | Q | Vag = 10V, Ip = 2.0A, Ta = 26°C 
[—— [= 24" [_& [Veg = 10V, Ip = 200, Ta = 125°C 

Vsp Diode Forward Voltage@ | 0.70" | — | 1.4* | V | Te = 28°C, Is = 3.0A, Veg = OV 

Otfs Forward Transconductance 4 | 2.0* | 35 | 6.0° | SiX) | Vps = 5V, Ip = 2.0A 

Chee Input Capacitance | 350° | 700 | 900° | pF | Vgs = OV, Vos = 25V, f = 1.0 MHz 


Coss Output Capacitance. ——=—=S=SSSSSCSCSC~S~*r=«C OF (180 | 300" | pF | Soe Fig. 10 
[Cres Reverse Transfer Capacitance ———SSSSSC«d;=SO* =| AO «OY |r 
talon) _TurvOn Delay Time «dS | | 80" | ne | Vp 8 T76V, Ip = 20A,Z = 500 
ry fiseTime SS SSCSCSCSC~SC YS 8 | ns | Se Fig. 18 
tao TurnOW DelayTime ——=—SSSSSSCSCSCS*dCS (| = | 85" | ns_| (MOSFET switching times are essentially independent 
ii I ee ee eee ee 

SOA Safe Operating Area P| — | — | W_| Vog = 200V, ip = 125 mA Seog 16 
| 2 [| — | -— | W | Vps = 83V, Ip = 3.0A, See Fig. 16. 


Thermal Resistance 


| Rrnuc JunctiontoCase | TR 8 ec 
| Rena _JunctiontoAmbient | = = 175 [ocr | Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 


ter Reverse Recovery Time | 0D—(sstsié‘zLsCirnsss | Ty = 150°C, Ip = 3.0A, dip/dt = 100A/us 
Qra _— Reverse Recovered Charge | 40 Cs sCTy = 150°C, Ip = 3.0A, dipidt = 100A/us 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value @ Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


B80 us PULSE TEST 


80 us PULSE TEST 


a ae 
_ | 
a a 
g a ae ee 
i a 
z : me iP 
= < 
: eS iesad A | 
Cc ies 
: : fo. | 
z o Ls 
< 2 
5 z 
a o 
= Ss 
0 50 100 150 200 250 300 350 0 1 2 3 4 5 6 7 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE !VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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N-CHANNEL 
POWER MOSFETs 


-2N6800 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 
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Zthuc(t)/Rrhyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
So 


oo) bee 
‘ 2 5 10-4 2 5 10-3 2 


— ee 
epee 
imamaaiiinn 2. PER UNIT BASE = Rypyc = 5.0 DEG. CW. 


+f sce PULSE (TRANSIENT Bee eee ; 
ERMAL IMPEDANCE : -Tr= 
Sette tm ECE eT: tm Te Pom Zt 


5 


CHT OPERATION IN THIS AREA ios 
TTT Ths 4 IS LIMITED BY Ros(on) i ee 
HL TN NAT 


emPelwee’ (SEES eSB. Sete ) ak a anon a cone ee 
——— er (=m a Tame oT 
wan <ee _i_ wonessamen 
mam TTT == h—+-+ | nal 


Be Ty = 150°C MAX. CCH NO 


@ TY 

ce 

tas 

= 2 

< 

5 10k meee 

oe HH i] 

ce 05-++-> oN 

= tt PHN a 
x) Sem ga gill rT TNT 10 ms} 

= oat Saft SESRtiimnate 
o 

c=) 


10 2 5 10 20 50 100 200 500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 - Maximum Safe operating area. 


Din ee Siitesseer === 


moa 
ani 


1. DUTY FACTOR, 0 = y 


2 5 10-1! 2 5 1.0 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
jJunction-to-case versus pulse duration. 


80 ps PULSE TEST 
t t 


gts. TRANSCONDUCTANCE (SIEMENS) 


Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance versus drain current. 
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Ion. REVERSE ORAIN CURRENT (AMPERES) 


0 1 2 3 4 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


2N6800 


i 
SeaReennEy a 
oat oe 
San neneD 4ae 
Sane) 4000 


7 


(NORMALIZED) 


oo 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 


BVpss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 


N-CHANNEL 
POWER MOSFETs 


C, CAPACITANCE (pF) 


Vg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


4 
aan 
fC 


16 2 


40 


4 32 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Tc, CASE TEMPERATURE (°C) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


0 5 10 15 20 25 30 25 50 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ip, ORAIN CURRENT (AMPERES) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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2N6800 


Pp, POWER DISSIPATION (WATTS) 
~ 
o 


PTT TNE 
oe eee BE 
pi} tit iN 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


VGS(on) +10V 
INPUT 


Ves{ott) OV 


INPUT PULSE 
RISE TIME 


VoS(off) 
TEKTRONIX OUTPUT 


7623 
OSC. VoS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgs(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgsio¢¢) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE. 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


alt DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 

. LH0063 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2 GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 472 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgg 
UNTIL THE SPECIFIED VALUE OF Ip AND Vos ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 + 1.0 Vac. 


Fig. 16 - Safe operating test circuit. 
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|) HARRIS 


August 1991 


Features 
° 3.5A, 500V 


2N6802 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


* DS(on) = 1-52 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

© Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Descriptioii 


The 2N6802 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(0) 
DRAIN 
(CASE) 


” 
requiring high speed and low gate-drive power. This type can be D a ti 
operated directly from an integrated circuit. = =. 
The 2N6802 is supplied in the JEDEC TO-205AF (Low Profile = = 
TO-39) metal package. a = 

G mo) 
a. 
S 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6802 UNITS 

Drain= Source VORAGC wv vv iiina eed Hida eehe Votean Bede Rees ew ens Vos 500* V 
Drain-Gate Voltage (RGg = 20K)... ccc e cece eee e eect eeenes VDGR 500* V 
Continuous Drain Current 

UGS HASUG: cus ractsccus sais OR Rta eae aes ads ias hee ieneet4 Ip 3.5* A 

TO SF 10 OCC iiceranatiespia adda ateisend tac eonenaneaness Ip 1.5* A 

; iPolsed Drain Curent :.isa2 csv ewsdtoies sear ssees ein eet enw Tia lpbM 11* A 

Gate-Source VoOWaGe: visi se ss eee saw tus eaieen's ae saa cneehesalks Ves +20* V 
Continuous Source Current ........c cece ceccccn rec sencennssnceescoens Is 2.5* A 
Pulse SOUICE CUIMENT s osha csenelsd caw iene eek od tietes tenenwe Cawien ISM 11* A 
Maximum Power Dissipation 

Te = +259 (See Figure 14) ise ca ecient ciwas casered net a aueindese Pp 25* W 

Above Tc = +25°C, Derate Linearly (See Figure 14) ............... ere 0.20* W/9C 
Inductive Current, Clamped .........cccccc ce cesecetensncececeoeras ILM 11 A 

(L = 100pH) 
Operating and Storage Junction Temperature Range Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering .........ccceceeeee ee eneeee TL 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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Specifications 2N6802 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) © 
Po Parameter Mins | Typ. | Max. | Units | Test Conditions 


BVpSs _Drain - Source Breakdown Voltage peor [ = [ — [Vv [Ves=Wip=02mA CSCS 
Nee Gos eaten ge ea P40" | V_ | Vos=Ves p= O5mA ST SCSC~*S 
Pigss Gate - Source Leakage Forward | = | | 100" | MA | Vgg=20V.\ps=—SCSC~C~C~SY 

Igss Gate - Source Leakage Reverse P= [= 00" aa [Ves = 20, Vps= OV CC—“‘~C~CSCSC*” 

Ipss Zero Gate Voltage Drain Current = [= [ 280" [A [Vos = 80, Ves OV C~—“~*~SC~*™Y 
ee eee 7000" | nA | Vps = 400V, Veg = OV. Tc = 125°C 
[Vosion) OnStateVotagee™ —sC“‘“‘CSSC#d‘’*CN C Ves = 10V, Ip = 25A | 

Rpsion) Static Drain-Source On-State Resistance a | — | | 1.5* | 2 | Veg = 10V, Ip = 1.5A, Ta = 25° 
en a ie ig a Te 

Vgp Diode Forward Voltage | 0.70" pia [Vv [tc = Gig = 250 Vos= OV 
45° [SO [Vps=V.ip=18A CSCS 
900° | pF _| Vag = OV. Vpg = 25V, f = 1.0 MHz 
200" | pF_| See Fig. 10 


| 60" | pF 
| 30" {ns | Vpp ® 228V, Ip = 


Criss Reverse Transfer Capacitance 


tdion) | Turn-On Delay Time 1.5A, Zp = 502 


My Re Time 8 [| See Fig 15 | 
tdlo Turn-Off Delay Time | - | | 55* | ns_ | (MOSFET switching times are essentially independent 
ty Fall Time a [ 30" [ns | of operating temperature.) 
SOA Safe Operating Area 2a | — | W_ [| Vpg = 200V, Ip = 125°mA, See Fig. 16. 
35 —[ = [= fw] vps = 10V, ip = 258, See Fig. 16 
Thermal Resistance : a 
Fengc_Junctonte ase (ho er pow, 
RthjyA  Junction-to-Ambient °C/W | Free Air Operation 


pay = 150°C, Ig = 5A, dpi = TO0AIus 
Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value 4Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


_tommvserest | | | | | | il t 
as Se — 


Vos >'!Dion) x RoS(on) MAX. a Ao 


i a a ee ee ee es ee eee | ae 

Se (ee a ee 
ee ae Pe ee ee a es 
sR ee ARE 
COCOA Ce 
pl ee i ee Ns 
CCC 


' 6V 


=5.5V 


Rimes. 


Reel | P 
3] 
; 


Ip, DRAIN CURRENT (AMPERES) 


Z 
een 


V6s = 5V 


Ip, DRAIN CURRENT (AMPERES) 


yyy | | 
ef / 
RERERSZ CARERS 


0 50 100 150 200 250 300 0 1 2 3 4 5 6 7 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) _ 


/ 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. | 
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2N6802 
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TE SINGLE PULSE 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characieristics. Fig. 4 - Maximum safe operating area. 
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N-CHANNEL 
POWER MOSFETs 


i=) 
_ 


o 
oa 
an 


aoe ee 
a J 1, DUTY FACTOR, D= tL 
=r SS Hh 19 


gn tects ge nai anata waeeiee er ee 
THERMAL IMPEDANCE) HIE oI 3. Tym atc = Pom 2thyc(t). 


in a 5 10-4 2 5 1073 2 5 10-2 2 5 10-1 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zehgc(t)/Bthyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
Qa 
nN 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


awruserer | | | | | | | | 


Vos > 'D(on) x Ros(on) MAX. 


O{s, TRANSCONDUCTANCE (SIEMENS) 
w 


lon, REVERSE DRAIN CURRENT (AMPERES) 


Ip. ahi slice aie Vsp. SOURCE-TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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2N6802 


0.85 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss. ORAIN-TO-SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 


ep 


120 160 40 0 40 80 120 160 
oh riers meee (0C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 
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C, CAPACITANCE (pF) 


eas 
RECEP 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


UND Stee fh ee eRe 
a S——___== AZZRELERES 
0 10 20 30 40 50 0 40 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source _ Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 


Rpsion) MEASURED WITH CURRENT PULSE OF 3.0 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 


See ee nee es 
UN 


3 EFFECT OF 2.0 ws PULSE IS MINIMAL.) 
3 Shea eee 
: i dye ele bo ales) 
2 na 
7) a 
‘oe _ 
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Fig. 12 - Typical on-resistance versus drain current. : Fig. 13 - Maximum drain current versus case temperature. 
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2N6802 


Py, POWER DISSIPATION (WATTS) 


80 100 120 140 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


TEKTRONIX 
7623 
Osc. 


NOTES: 

1. LHOO63 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
3. PULSE WIDTH =3 ys, PERIOD=1 ms, AMPLITUDE=10V. 


VGS(on) +10V 
INPUT 
Vasiott) 0V 


INPUT PULSE INPUT PULSE 
RISE TIME 


N-CHANNEL 
POWER MOSFETs 


VS(off) 
OUTPUT 


VoS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgsign) SHALL BE AS SPECIFIED ON THE INPUT 


WAVEFORM. WHEN MEASURING FALL TIME, Vgsjof¢) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


1. 


NOTES: 


SET Vpsg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Veg 
UNTIL THE SPECIFIED VALUE OF {np ANO Vps ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 


2. SELECT Rg SUCH THAT Ip # Rg = 2.5 + 1.0 Vdc. 


Fig. 16 - Safe operating test circuit. 
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ia HARRIS 7 BUZ1T1 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
¢ 30A, 50V TOP VIEW 
bad DS(on) = 0.042 | 
¢ SOA is Power-Dissipation Limited | Ace, — SOURCE 


® Nanosecond Switching Speeds | 


e Linear Transfer Characteristics ay a 


e High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ11 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay | N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ11 is supplied in the JEDEC TO-220AB plastic package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 
BUZ11 : UNITS 

Didin=S0urce VONAGG x. ccs piece irae needle kien wewnas Vos 50 V 
Drain-Gate Voltage (RGS = 2OKN|).... cc cece cece eee ee pres VDGR 50 V 
Continuous Drain Current 

TG SH AGOSG ew ncse tone estates aes se taa tutan seu tas nein Ip 30 A 
Pulsed Drain Current | 

1G = F259 facnise eases aeeaa tea eneRe ches Mego roms lpoM 120 A 
Gate=Souree VONAGE cass cid saan ois tens betak Chae cain Sees bees Vas +20 V 
Maximum Power Dissipation 

TO 25S occinccion sents e reser eacuees iawest eee tamieeas Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG ~55 to +150 7 @ 
DIN Humidity Category - DIN 40040 2... cece cece ce tee ec ence enc eees E . 
IEC Climatic Category - DIN IEC 68-1........... cece eee eee iprin neues 55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 995 3 
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Specifications BUZT1 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS ae 


Drain-Source Breakdown Voltage BVpss Ves =OV 
lp = 0.25 mA V 
Gate-Threshold Voltage Vestn Vos = Ves 
2 2.1 3 4 
lpb=1mMA 
= 


Zero-Gate Voltage Drain Current 


4.0 


1500 


Reverse Transfer Capacitance Criss 


Turn-On Time ton 
(ton = taton) + t) 


Turn-Off Time tots 
(tot = tao + tr). 


30 
170 


“c/w 


POWER MOSFETs 


N-CHANNEL 


0.03 
a0 


Thermal Resistance, Junction-to-Ambient 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current 
oineeteeworhonnt eh To= 25°C 
Pulsed Reverse Drain Current lpbRM 


peel 
Diode Forward Voltage V Ip=2xI 


LIMITS 


Reverse Recovery Time te T; = 25°C, lr = lor 
Reverse Recovered Charge Qrr | dle/dt = 100 A/us, Va = 30 V 


DRAIN CURRENT (Ip) —A 


10° 5 10! 5. 10? 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 6 - Typical output characteristics. _ Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 8 - Typical on-resistance vs. drain current. Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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N-CHANNEL 
POWER MOSFETs 


DRAIN CURRENT (lp) —A 
REVERSE DRAIN CURRENT (Ip) — A 
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Fig. 10 - Maximum drain current vs. case temperature. Fig. 11 - Typical source-drain diode forward voltage. 


sit Me 


—* 

ui SB 
SSG So 
ee ee 
2 a a aoe 


an 


BUD 
N 


5 Hit 
Hl 1 SS 


THERMAL RESPONSE (Zinsc) 
GATE-TO-SOURCE VOLTAGE (Ves) — V 
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Fig. 12 - Maximum effective transient thermal impedance, junction- Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


to-case vs. pulse duration. 
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™ HARRIS  BUZ20 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
e12A, T00V TOP VIEW 
® DS(on) = 0.229 
e SOA is Power-Dissipation Limited pees — SGlRGE 


® Nanosecond Switching Speeds Ce - DRAIN 


e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ20 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ20 is supplied in the JEDEC TO-220AB plastic package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
BUZ20 UNITS 

Drain-Source Voltage .....0.0.cccecccceceseeeeeeveseeeenues cere Vos 100 V 
Drain-Gate Voltage (RGS = 2OKR)..... cece ccc eee cece new e eens VDGR 100 V 
Continuous Drain Current 

VGH TSOP C: crac Saks ew ite td bake tae ienese ees esees esses Ip 12 A 
Pulsed Drain Current 

UG SF 299C eis wena ohagesnecihekaneda one aws Pie eeeaa rapes IDM 48 A 
Gate=Sourceé VoOlage: iasias cca cvneta knee ewes tae tes been feawn Ves +20 V 
Maximum Power Dissipation 

WG = AOU GC wc vat os gab eee nea aa ed Sees aah ERA ed eae eeeans Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 1 Oe 
DIN Humidity Category — DIN 40040 .... ccc cece cece cece tence cece E 
IEC Climatic Category - DIN IEC 68-1........ cc ccc ccc cece cect e nace 55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 99 54 
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Specifications BUZ20 


ELECTRICAL CHARACTERISTICS At Case Temperature ( Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC | TEST CONDITIONS =o 
Drain-Source Breakdown Voltage BVpss Ves =O0V 
Ip = 0.25 mA 


Gate-Threshold Voltage Vesitn) Vos = Ves 

: lb =1mA 

Tj = 25°C 
Tj = 125°C 

Vos = 100 V, Ves =0V 


i) 


Zero-Gate Voltage Drain Current 


Gate-Source Leakage Current 
Drain-Source On Resistance 


Forward Transconductance . 


NO 

~“J 

> 

(o>) 
B 


Input Capacitance 


Turn-On Time ton 
(ton = taton) + tr) 


Turn-Off Time tort 
(tott = tao + tr) 


ad 

— 

63) 

ine) 
Pe 


N-CHANNEL 
POWER MOSFETs 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current | ; 
eee ee eae 
Pulsed Reverse Drain Current lbam | 


Diode Forward Voltage Vsp lr = 2 X lor 
eee Ves =OV, T)= 25°C 


Reverse Recovery Time | t T; = 25°C, lr = lor 
Reverse Recovered Charge Qrr | dir/dt = 100 'A/us, Va = 30 V} 
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DRAIN CURRENT (lo) — A 


10° 5 10! 5 10? Ss 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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of junction temperature for all types. 
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. Fig. 4 - Normalized drain-to-source on resistance to junction . Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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TRANSCONDUCTANCE (91s) — S 


Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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to-case vs. pulse duration. 
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B HARRIS BUZ21 


N-Channel Enhancement-Mode 


August 1991 | | Power Field-Effect Transistor 
Features Package 
© 19A, 100V TO-220AB 


TOP VIEW 
bd rDS(on) = 0.10 . 


e SOA is Power-Dissipation Limited 


DRAIN — 
EE ——— 
e Nanosecond Switching Speeds | (FLANGE) sea 
e Linear Transfer Characteristics , (ee GATE 


¢ High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ21 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ21 is supplied in the JEDEC TO-220AB plastic package. 


G 
S 
Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 
| BUZ21 UNITS 
Draln=SOurce VONAGC sissies sane Cede ne oe 6 eS8 Sees RGe ie cages Vos 100 V 
Drain-Gate Voltage (RGS = 20K)... . ccc eee cee eee eee n eee nees VDGR 100 V 
Continuous Drain Current 

TG FSP C ou xg ee hias piea eas Menino eae wwe Syoeecaeee eee ee ID 19 A 
Pulsed Drain Current 

NG 428°C Secale rowewiw russ adie ewig tenwacewes aes lpm 75 A 
Single Pulse Avalanche Energy*, EAS ........cccccc cv ccccvcccecccucscacs 230 mj 
Gate=Source Voltage: se s.0e cece cetacean sean cntia nie cacwees ames Ves +20 V 
Maximum Power Dissipation . 

TS HeO9G sotiecot tii eewsseusagerousees lesen ees eewertaee ees Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to+150 oC 
DIN Humidity Category — DIN 40040 ..... cece cece cece cece eteeeees E 
IEC Climatic Category - DIN IEC 68-1.......... ccc cece cece ce ee ences 55/150/56 


*Vop = 25V, starting Tj = 259C, L = 440pHy, Rgs = 502, Ipeak = 28A, see Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. pine 1.C. handling procedures should be followed. 


ile N 2420 
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Specifications BUZ21 


ELECTRICAL CHARACTERISTICS At Case Temperature (TC) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTICS TEST CONDITIONS | min, | Typ. | MAX. — UNITS 


Drain-Source Breakdown Voltage BVDSS VGS =0V 100 
ID=0.25 mA 

Gate-Threshold Voltage VGS(th) VDS=VGS 
ID=1mA 


Tj = 25°C 250 
Zero-Gate Voltage Drain Current Tj= 125°C 1000 
VDS = 100 V, VGS =O V 


Gate-Source Leakage Current VGS = 20V 
VDS=0V 

Drain-Source on Resistance ee | ee | VGS=10V Serer 
ID=9A 


ininaceheana nasil Transconductance VDS=25V 
ID=9A 


Input ae ccc i VGS =0V 
VDS=25V 
Reverse Transfer Capacitance f=1 MHZ 


Turn-On Time ton td(on) Vec = 30V 
(ton = td(on) + tr) tr ID=3A 
Turn-Off Time toff td(off) VGS =10V 
_(toff = td(off) = tr) RGS =50N 
Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient 


*VDD = 25 V, starting Tj = 25°C, L = 440 pHy, Rgs = 50 2, Ipeak = 28 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTICS 


Continuous Reverse Drain Current 


Pulsed Reverse Drain Current 


Diode Forward Voltage IF=2xIDR 
VGS =OV, Tj = 25°C 


Reverse | ReverseRecoveryTime tr Time = 259C, IF =IDR 


Reverse Recovered Charge dIF/dt = 100 A/ps, VR = 30 V ae eS 
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N-CHANNEL 
POWER MOSFETs 
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Figure 1 - Maximum safe operating areas for all types. 
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CASE TEMPERATURE (Tc) — °C 
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Figure 3 - Normalized gate threshold voltage as a function 


Figure 2 - Power vs temperature derating curve for all types. 


of junction temperature for all types. 
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Figure 4.- Normalized drain-to-source on resistance 


~ Typical transfer characteristics for all types.. 


to junction temperature for all types. 
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BUZ21 
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80us Pulse Test 
Vps = 25V, Tj = 25°C 
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Figure 6 - Typical output characteristics. Figure 7 - Typical transconductance vs drain current. 


2S 
~~ 


0,3 
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Figure 8 - Typical on-resistance vs drain current. Figure 9 - Typical capacitance vs drain-to-source voltage. 
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Figure 10 - Maximum drain current vs case temperature. Figure 11 - Typical source-drain diode forward voltage. 
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THERMAL RESPONSE (2thJc) 
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Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 
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Figure 14 ~ Unclamped energy test circuit. 
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Figure 13 - Typical gate charge vs gate-to-source voltage. 
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Figure 15 - Unclamped energy test waveforms. 
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i HARRIS 


August 1991 


Features 

e 9.5A, 200V 

* rDS(on) = 0-42 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ32 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 


BUZ32 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-220AB 
TOP VIEW 
once) ==> SOURCE 
————— DRAIN 
| : = GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


” 
requiring high speed and low gate-drive power. This type can be D = ti 
operated directly from integrated circuits. . = a 
The BUZ32 is supplied in the JEDEC TO-220AB plastic package. = = 

Lu 

1 
G z= 
ou. 
s 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
BUZ32 UNITS 

Drain-Source VONAGE ss vii cca Sip eee a eae ask e awa ke emiaias Vos 200 V 
Drain-Gate Voltage (RGS = 20KDD)... cece eee ee eee ee eees VDGR 200 V 
Continuous Drain Current 

Diets OL Le Eee Oe eee eee Oe eT eee eaten eee Ip 9.5 A 
Pulsed Drain Current 

TPAD OO ote ds seen gah paws alah aie tee emeneadaeg hacen wane es IDM 38 A 
Single Pulse Avalanche Energy*, EAS ........ ccc ec ccc ccccnenccnececscees 150 mj 
Gale=Source VONAGE <<. cccdasaeaei tess sccabaediewsicaw cel eewnioenais VGs +20 V 
Maximum Power Dissipation 

TG = 25°C foe teva es ewa bane reusdetwecy et cae aden eereenwan in Pop 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 °C 
DIN Humidity Category — DIN 40040 ... cc ccc ccc cece weet cence eees E 

IEC Climatic Category - DINIEC 68-1......... ccc eee eee eee eees 55/150/56 
“Vpp = 20V, starting Tj = 25°C, L = 3.3{yHy, Rgg = 502, Ineak = 9A, see Figures 14 and 15. 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 941 6 
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Specifications BUZ32 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specitied. 


: LIMITS 
CHARACTERISTICS TEST CONDITIONS | | min. | TYP. | MAX. | UNITS 


Drain-Source Breakdown Voltage BVDSS VGS =OV | 
ID =0.25 mA : 
Vv 
Gate-Threshold Voltage VGS(th) VDS =VGS 
iD=1mA 
Tj | 


= 250C 
Zero-Gate Voltage Drain Current Tj = 125°C 


VDS = 200 V, VGS =O V 


Gate-Source Leakage Current IGSS VGS =20V 

VDS=0V 

Drain-Source on Resistance rDS(on) VGS = 10V | 

ID=4.5A 
Forward Transconductance VDS = 25V 

. ID=4.5A 


‘Ss 
Input Capacitance Ciss VGS=0V 
Output Capacitance Coss VDS=25V 
Reverse Transfer Capacitance Crss f=1MHZ 


Turn-On Time ton Vec = 30V 
(ton = td(on) + tr) tr ID=2.9A 
Turn-Off Time toff | VGS =10V 
(toff = td(off) = tr) tr RGS =50N 

i ROJA 


Thermal Resistance, Junction-to-Ambient 


*VDD = 20V, starting Tj = 250C, L = 3.37 pHy, Rgs = 50 ON, Ipeak = 9 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTICS TEST CONDITIONS : 
Pulsed Reverse Drain Current IDRM 
Diode Forward Voltage VSD IF=2xIDR 1.7 ; 


Reverse Recovery Time trr Tj = 259°C, IF =IDR | = | 400 fo - ns 
Reverse Recovered Charge QRR diF/dt=100Aus,VR=100ov| - | eo | - | 4 
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Figure 1 - Maximum safe operating areas for all types. 
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JUNCTION TEMPERATURE (Tj) — °C 
Figure 3 - Normalized gate threshold voltage as a function 


°C 


Figure 2 - Power vs temperature derating curve for all types. 


of junction temperature for all types. 
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Figure 4 - Normalized drain-to-source on resistance 


Figure 5 - Typical transfer characteristics for all types. 


to junction temperature for all types. 
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BUZ32 


80us Pulse Test 


Vps = 25V, Tj = 25°C 
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DRAIN CURRENT (Ip) — A 


DRAIN-TO-SOURCE VOLTAGE (Vps) — V 


Figure 6 - Typical output characteristics. 


Figure 7 - Typical transconductance vs drain current. 
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Typical capacitance vs drain-to-source voltage. 


Figure 9 - 


Figure 8 - Typical on-resistance vs drain current. 
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Figure 11 - Typical source-drain diode forward voltage. 


CASE TEMPERATURE (T,) — °C 


Maximum drain current vs case temperature. 


Figure 10 - 
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Figure 13 - Typical gate charge vs gate-to-source voltage. 


Figure 12 - Maximum effective transient thermal impedance, 


junction-to-case vs pulse duration 
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Unclamped energy test circuit. 


Figure 14 


4-109 


8 HARRIS 


BUZ351 


| | , N-Channel Enhancement-Mode 
-August-1991 Power Field-Effect Transistor 


Features — | Package 
¢ 11.5A, 400V 


TO-218AC 
TOP VIEW 


Ad rDS(on) = 0.42 
e SOA is Power-Dissipation Limited 

oe ag , DRAIN 
e Nanosecond Switching Speeds | l 


e Linear Transfer Characteristics 


e High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ351 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as | © 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be | D 


operated directly from integrated circuits. 
The BUZ351 is supplied in the JEDEC TO-218AC plastic package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
| BUZ351 UNITS 

Drain=Source Voltage iii acted by wi wenn sen Pee e ease ketegee see e ea Vos 400 Vv 
Drain-Gate Voltage (RGS = 2OKD).... cece cece eee ee et ee eeeee VDGR 400 V 
Continuous Drain Current 

Te FA00G aia tes ln bani settsosas evan eswemew es auee teres esees Ip 11.5 A 
Pulsed Drain Current | 

TE SFOS IG soa itare eevee eat ne ae seaceeds IGee wees shen enon’ IDM 46 | A 
Gate=Source VONAGE cscs nie weve wl eeey eat aens eeeeawe ews Vas +20 V 
Maximum Power Dissipation 

Hi Gite oid, ee eee Oe re ree ey eee ee ere ere eee Pp 125 W 
Operating and Storage Junction Temperature Range............ Ty TSTG -55 to +150 oC 
DIN Humidity Category -— DIN 40040 .... cece ccc cece eee e eee enes E 
IEC Climatic Category - DIN IEC 68-1......... cc cee cece cece eee enees 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2266 
Copyright © Harris Corporation 1991 
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Specifications BUZ3571 


ELECTRICAL CHARACTERISTICS At Case Temperature (To) = 25°C Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC TEST CONDITIONS a 
TP. | MAX. 
in- Ves = = 0 V 


Nasa = Ves 


T; = 25 °C 
T) = 125 °C 
Vos = 400 V, Ves =OV 


Output Capacitance 


Coss 
Reverse Transfer Capacitance Crss 


Turn-On Time ton 
(ton = taton) + tr) 


Turn-Off Time tos 


~” 

(tot = tation + tr) t, e - 

ins Lh. 

zw 

Thermal Resistance, Junction-to-Case Reuc = = 

Thermal Resistance, Junction-to-Ambient . Resa = oc 
i 

=s 

a. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


ontinuous Reverse Drain Current 
sata 
Pulsed Reverse Drain Current loam 


Ee 
Diode Forward Voltage e =2x\Il 


LIMITS 


Reverse Recovery Time = 25°C, Ir = lor 
Reverse Recovered Charge ae = 100 A/us, Va = 100 V 


4 
is 
we 

~~ 
_ 


DRAIN CURRENT (lp) —A 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 


25 
80 ws PULSE TEST 
Vos = 25 V, T, = 25°C 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
: temperature for all types. 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 8 - Typical on-resistance vs. drain current. 
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CASE TEMPERATURE (Tc) — °C 


Fig. 10 - Maximum drain current vs. case temperature. 
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THERMAL RESPONSE (Zinsc) 
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102 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


N-CHANNEL 
POWER MOSFETs 


B HaRRis - BUZ41A 


N-Channel Enhancement-Mode 


August 1991 i Power Field-Effect Transistor 
Features : Package 
| TO-220AB 
© 4.5A, 500V TOP VIEW 


* fDS(on) = 1.52 
© SOA is Power-Dissipation Limited 


DRAIN ——4 
: hi ———— 
e Nanosecond Switching Speeds (FLANGE) lage 
e Linear Transfer Characteristics oe | : => GATE 


® High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ41A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ41A is supplied in the JEDEC TO-220AB plastic package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
BUZ41A UNITS 

Drain-Source Voltage .........ceeccceeceecccecctetceeneeaneeeees Vos 500 V 
Drain-Gate Voltage (RGS = 2OKD)...... cece eee e nent ences VpGR 500 V 
Continuous Drain Current 

TG FIDO an ce odin cc hve as sess Siew eee sina o04 08 0808 40s cour eee Ip 4.5 A 
Pulsed Drain Current 

TEE AAI oi iicce cawkeeed wees edewdsne vs neue ees onee ee ene aie rs IDM 18 A 
Gate=Sotiice Voltage: nc. vanes iinnsur ss iNew toeesa se aeeiewasns Ves +20 V 
Maximum Power Dissipation 

BA @ eae ood Oe ee ae eer eer eet re Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 oC 
DIN Humidity Category ~ DIN 40040 .. 0... eee cece cece cece ete e eens E 
IEC Climatic Category - DIN IEC 68-1........ cece eee eee eet e ne eee 55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9956 


Copyright © Harris Corporation 1991 
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Specifications BUZ41A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS oe 


3 


Ves =O V 
Ip=0.25mMA . V 


Tj = 25°C 
Tj = 125°C 
Vos = 500 V, Ves = OV 


—s 
N 
: : oO 
E 
—_ 
oh 
ao) 
Oo 
.~ 
> 


— 
on 
i) 
on 
a 


oF 
Reverse Transfer Capacitance Crss 


Turn-On Time ton 
(ton = tatom + t,) 


Turn-Off Time tor 
(tott = tatoty + tr) 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient Resa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current 
| Continuous Reverse Drain Current ton To = 25°C 


N-CHANNEL 
POWER MOSFETs 


ae 


Pulsed Reverse Drain Current lpru 


ae 
Diode Forward Voltage lfp=2xIl 


Reverse Recovery Time = 25°C, Ir = lpn 
Reverse Recovered Charge alefdt = = 100 A/us, Va = 100 V 
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S00tGmer 


DRAIN CURRENT (lp) —A 
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10° 5 10! 5 10? 5 10? 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 
. of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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80 ws PULSE TEST 
Vos = 25 V, T, = 25 °C 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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THERMAL RESPONSE (Zinsc) 


BUZ41A 
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Fig. 8 - Typical on-resistance vs. drain current. Fig. 9 - Typical capacitance vs. drain-to-source voltage. 


Ty= 150°C TYP. 


il Ty 
ro LN ATL 
7 


DRAIN CURRENT (lp) — A 
REVERSE DRAIN CURRENT (Ipp) — A 


TEE 
PoP The 


10-1 
0 O05 1.0 1.5 2.0 2.5 3.0 
SOURCE-TO-DRAIN VOLTAGE (Vsp) -—VvV 


100 
CASE TEMPERATURE (Tc) — 


= 
wi 
So 


Fig. 10 - Maximum drain current vs. case temperature. Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


to-case vs. pulse duration. 
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tat HARRIS B U y 49 
ee fe 4 N-Channel Enhancement-Mode 
August 1991 | b, | Power Field-Effect Transistor 


Features _ | Package 
-22 
° 4.0A, 500V sSsdiaipsey 


* fpS(on) = 2-02 
e SOA is Power-Dissipation Limited 


DRAIN ee 
Ee 
e Nanosecond Switching Speeds (FLANGE) tone 
e Linear Transfer Characteristics | : ——— GATE 


. © High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ42 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ42 is supplied in the JEDEC TO-220AB plastic package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
| BUZ42 UNITS 
Drain-Source VONEGE wie icc tiee reasac'se Seaweeds Soe babes onsedes Vos 500 V 
Drain-Gate Voltage (Rq@s = 20kN)........ PLOT Ee RTE ea VDGR 500 V 
Continuous Drain Current : 

TG SA SOPO sare het enes ea sehar aihnwae Reels ya eee etete cease batawerss ID 40 A 
Pulsed Drain Current \ 

EG FeSO cise voce soe aie ele Raisins Cee ea NEWS Sa eGO SGN Ree lDoM 16 A 
Single Pulse Avalanche Energy*, EAS ........ccecccsecccecseveccesaceees 300 mj 
Gate-Source Voltage ....... ccc ccceececcecc cesses sceeeeeseetenes Ves +20 . V 
Maximum Power Dissipation 

TOO asia wie sohsu da iad ne enue s came CPR aan iuielean Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55to +150 oC 
DIN Humidity Category - DIN 40040 .. 0... cece cee ce cc cee cece eee wees E | 
IEC Climatic Category - DIN IEC 68-1... .. ccc ccc cece cece teen en eee 55/150/56 


*Vpp = 5OV, starting Tj = 25°C, L = 25yHy, Rag = 252, Ingak = 4.5A, see Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


FileNumber 2417 
Copyright © Harris Corporation 1991 : 


4-118 


Specifications BUZ42 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTICS _ TEST CONDITIONS 


Drain-Source Breakdown Voltage BVDSS VGS =O0V 
ID =0.25mA 

Gate-Threshold Voltage VGSi(th) VDS = VGS 
ID=1mA 


Tj = 25°C 20 250 
Zero-Gate Voltage Drain Current Tj = 125°C 100 1000 pA 
VDS = 500 V, VGS =O0V 
Gate-Source Leakage Current IGSS VGS = 20V 10 A 
VDS=0V i‘ 
Drain-Source on Resistance rDS(on) VGS =10V 1.6 
ID=2.5A 


Forward Transconductance VDS =25V 
ID=2.5A 


| inputCapacitance = “as tsti‘ié‘iwss Cd Capacitance VGS =0V 
Output Capacitance VDS=25V 
Reverse Transfer Capacitance f=1 MHZ 


Turn-On Time ton Vcc =30V 
(ton = td(on) + tr) ID=2.5A 
Turn-Off Time toff VGS=10V 

(toff = td (off) = tr) RGS = 50 


Thermal Resistance, Junction-to-Case 


N-CHANNEL 
POWER MOSFETs 


Thermal Resistance, Junction-to-Ambient 


*VDD = 50 V, starting Tj = 25°C, L = 25 pHy, Rgs = 25N, Ipeak = 4.5 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTICS é TEST CONDITIONS 


Continuous Reverse Drain Current Tc = 259C 
Pulsed Reverse Drain Current IDRM 
IF=2xIDR 


VGS = OV, Tj = 25°C 
= 259C, IF=IDR 


Reverse Recovered Charge 
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GATE-TO-SOURCE VOLTAGE (Ves) — V 
Figure 5 - Typical transfer characteristics for all types. 
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Figure 4 - Normalized drain-to-source on resistance 
to junction temperature for all types. 
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Figure 7 - Typical transconductance vs drain current. 


Figure 6 - Typical output characteristics. 
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Figure 9 - Typical capacitance vs drain-to-source voltage. 


Figure 8 - Typical on-resistance vs drain current. 
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Figure 11 - Typical source-drain diode forward voltage. 


CASE TEMPERATURE (Tg) — °C 
Figure 10 - Maximum drain current vs case temperature. 
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Figure 14 - Unclamped energy test circuit. Figure 15 - Unclamped energy test waveforms. 
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@ HARRIS BUZ45 


N-Channel Enhancement- -Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-204AA 
¢ 9.6A, SOOV BOTTOM VIEW 
e rDS(on) = 0.62 
beets ae DRAIN 
¢ SOA is Power-Dissipation Limited _ SOURCE J (FLANGE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ45 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as . 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors ae 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ45 is supplied in the JEDEC TO-204AA plastic package. 


-‘N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°0C) Unless Otherwise Specified 


BUZ45 . UNITS 

Diain= Source Volage 2. 5 cust Mn tcises sae twat Oowie ses Gaee eens Vos 500 V 
Drain-Gate Voltage (Rgs = 20k2). . Magee bGe Gaede sear mee mensaaes VDGR 500 V 
Continuous Drain Current 

TG A20°G Saute ese colsousie se taaeeinee hoes esas oe Sanwa prune Ip 9.6 A 
Pulsed Drain Current 

TG eC rs dete See waaiees eutha ews enG wine oa elen Hedman IDM 38 A 
Gale=SOUrCe VONAGE she skid ei cute Disa neienwenieaacerie ceaees VGs +20 V 
Maximum Power Dissipation 

NOH 26CS . Aakecccoeatnate aerate setae ioe ee teas anne te Pp 125 WwW 
Operating and Storage Junction Temperature Range Raveuade a nied Ty, TstG -55 to +150 oC 
DIN Humidity Category — DIN 40040 20... cece ccc ee cece een eee E 
IEC Climatic Category - DINIEC G8-1.........cccceceececeeeeeececeees 55/150/56 


CAUTION: These devices are ‘sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 File Number 2257 
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Specifications BUZ45 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


_CHARACTERISTIC TEST CONDITIONS cael 
Drain-Source Breakdown Voltage | BVoss Ves =OV 
Ip = 0.25 mA 
-Gate-Threshold Voltage Vesitm Vos = Ves 
lo=1mMmA 


Zero-Gate Voltage Drain Current loss Tj = 25 °C 
Tj = 125 a Ge 
Vos = 500 V, Ves =O V 


ih 
< 
= 


250 
; i 1000 HA 


Gate-Source Leakage Current less 


Drain-Source On Resistance l'pston) 


Forward Transconductance 


Turn-On Time ton 
(ton = od tatom a tr) 


Turn-Off Time tors 
(tott = tatorn + tr) 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient 


LIMITS 
TEST CONDITIONS 


To = 25°C 
l- = 2 x lor 
Ves = OV, Tj = 25°C 


= 25° C, lp = = lor 
Reverse Recovered Charge ae = 100 A/us, Va = 100 V 


DRAIN CURRENT (lb) —A 


RD ail Pe all 


22d) Se eee 
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1 
m= 
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5 
= 
is 
a 
’ 
= 
4 
N 
IN 
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2”, 72 site AR. ee aes 


10° 5 10 5 10° 5 10° 
- DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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GATE THRESHOLD VOLTAGE 
[Vgg (th)] — V 


E<EGRE RES 
cas 50 0 50 100 1 6 


0 50 100 150 , JUNCTION TEMPERATURE (Tj) — °C 
CASE TEMPERATURE (Tc) —°C Fig. 3 - Normalized gate threshold voltage as a function 
Fig. 2 - Power vs. temperature derating curve for all types. of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
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Vos = 25 V,T, = 25°C 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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THERMAL RESPONSE (Ztnsc) 


BUZ45 
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to-case vs. pulse duration. 


4-126 


| HARRIS 


August 1991 


Features 

© 8.3A, 500V 

* DS(on) = 0.82 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


¢ Majority Carrier Device 


Description 


The BUZ45A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ45A is supplied in the JEDEC TO-204AA plastic package. 


BUZ45A 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-204AA 
BOTTOM VIEW 


DRAIN 
(FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 


Drain-Source Vollage ses eeiiie ec ptat s bees eed inwie’s Cee sae wes oe oeein Vps 
Drain-Gate Voltage (RGS = 20K)... ccc ccc cece eee ee eeees VDGR 
Continuous Drain Current 

VO Fo S eaieser sine eeG waltinse ree eeea Seine sets threes sesh Ip 
Pulsed Drain Current 

VGH Fe0°G ca raaelw eis ieredniy caoseessoniaied 2 eke eeeare IDM 
Gate~Source Voltage aes 6.46 tests seat des asa aaa tees Bare e ats Ves 
Maximum Power Dissipation 

TG FeSO kee ads di ectiodsancde cite tae wackeeubene te nes ness Pp 
Operating and Storage Junction Temperature Range............ Ty, TSTG 


DIN Humidity Category — DIN 40040 ..... ccc ec cece ce eee econ eenees 
IEC Climatic Category - DIN IEC G8-1........ ccc ccc cece te eee eee nees 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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500 V 
8.3 A 
33 A 
+20 V 
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-55to +150 oC 
E 
55/150/56 
File Number 2258 


Specifications BUZ45A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC os TEST CONDITIONS meat 
Drain-Source Breakdown Voltage BVoss Ves =OV 
| Ib = 0.25 mA 


Gate-Threshold Voltage Vesitn Vos = Ves 

Ip =1mA 

Tj = 25°C 
Tj = 125°C 

Vos = 500 V, Ves =O0V 


4 
<< 
0 


Zero-Gate Voltage Drain Current 


Gate-Source Leakage Current less 


Drain-Source On Resistance l'pston) 


Forward Transconductance anne 


3800 4900 
pF 


Turn-On Time ton taton) 
(ton = tation) + tr) tr 


Turn-Off Time tot tatotn 
(tott = taotn + tr) te 


Thermal Resistance, Junction-to-Case Rasc 
Thermal Resistance, Junction-to-Ambient Rasa 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current 
Pulsed Reverse Drain Current lprm 


Diode Forward Voltage lr = 2 X lpr 
Ves = OV, Tj = 25°C 


Reverse Recovery Time = 25°C, Ip = lpn 
Reverse Recovered Charge Fare = 100 A/us, Va = 100 V 


DRAIN CURRENT (lb) — A 


40° 5 10' 5 102 Ss 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (Pr) — W 
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- CASE TEMPERATURE (Tc) —°C 


BUZ45A 


Fig. 2 - Power vs. temperature derating curve for all types. 
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JUNCTION TEMPERATURE (Ty) — °C 
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Normalized drain-to-source on resistance to junction 
temperature for all types. 
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Fig. 6 - Typical output characteristics. 
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GATE THRESHOLD VOLTAGE 


Fig. 3 - Normalized gate threshold voltage as a function 


ON-STATE DRAIN CURRENT [loton] —A 


Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 7 - Typical transconductance vs. drain current. 
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N-CHANNEL 
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Fig. 8 - Typical on-resistance vs. drain current. 


geet lice soe ose ae he Pale] 

ee pe re ih 
BER ESESR VERE 
fae eI Te Notes ee Bela 
ese eae ae sees 
Et Oe a GR FO se 


DRAIN CURRENT (Ip) — A 


es 
SO GS eB 
(one eee eee ees | 
A He Ga a fH 
Pl 2 MeN al aa 
0 50 
CASE TEMPERATURE (Tc) — °C 


Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-204AA 
ene O OM BOTTOM VIEW 
* 'DS(on) = 0.52 
. Bites ue ae DRAIN 
¢ SOA is Power-Dissipation Limited SOURCE J (FLANGE) 
e Nanosecond Switching Speeds 
¢ Linear Transfer Characteristics O 4 O 
e High Input Impedance 
e Majority Carrier Device ill 
Description 
The BUZ45B is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors wo 
- requiring high speed and low gate-drive power. This type can be D —_ ta 
operated directly from integrated circuits. z Pe 
The BUZ45B is supplied in the JEDEC TO-204AA plastic package. = = 
Lud 
G z= 
a. 
S 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
BUZ45B UNITS 
Draln=Source Vollage y.2vriesdakccei wid ia seca Se mee Mate iaes aeieae Vos 500 V 
Drain-Gate Voltage (RGS = 2OKD)..... cece cece een ence ccccccens VDGR 500 Vv 
Continuous Drain Current . 
Wi FC09C asc aee hells cee Sy ankne tne ea aetemen bole Saag Ip 10 A 
Pulsed Drain Current 
TGS 42596 sas Shaw vans caine ise me tedweteGoemespscee ead aves IDM 40 A 
Gate=SOurce VONAGE sb accnciteeen hove caida hs ead ie teen ses wees Vas +20 V 
Maximum Power Dissipation 
TG = Fool GS: 60sed ne ragdatadecowon end ama odetec tu luakncs anes Pp 125 WwW 
Operating and Storage Junction Temperature Range............ Ty TSTG -55 to +150 oC 
DIN Humidity Category — DIN 40040 2... ccc cc ce cee cee teen ee enees i 
IEC Climatic Category - DIN IEC 68-1. ....... cc cee cece een ce cee ence 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 99 59 
Copyright © Harris Corporation 1991 
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' Specifications BUZ45B 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS sual UNITS 


TYP. 
Ves =O V 
lp = 0.25 mA 


Vos = Ves 


NO 
_ 


20 250 
100 1000 


Tj = 125 °C 
Vps = 500 V, Ves =O V 


HA 


100 nA 


Turn-On Time ton taton) 
(ton = tation) + t) tr 


on 
slate 

~J 

on 


120 


_ 
~ 
joo) 
TC 


Turn-Off Time tor g tatorn 
(tote = tatotn + tr) tr 


Thermal Resistance, Junction-to-Case Rec 
Thermal Resistance, Junction-to-Ambient Resa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current 
To = 25°C 
Pulsed Reverse Drain Current lpbau 


= 
Diode Forward Voltage 3 =2x Io 


[sv) 
jw 
oO 
aS 
QW 
Oo 


LIMITS 


Reverse Recovery Time = 25°C, Ir = lon 
Reverse Recovered Charge fae = 100 A/us, Va = 100 V 


DRAIN CURRENT (Ip) — A 


Sao 


10° 5 10° 85 10? 5 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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BUZ45B 
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SECT 
ERR RRRRER ER 

ERERESaE See 8 
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GATE THRESHOLD VOLTAGE 
[Veg (th)] — 


POWER DISSIPATION (Pr) — W 


| Sees eee ee 
0 50 100 150 -50 0 50 100 150 
CASE TEMPERATURE (Tc) —°C JUNCTION TEMPERATURE (Ty) — °C 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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SURE ON EME Eerie GATE-TO-SOURCE VOLTAGE (Ves) — V 
Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. a current. 


DRAIN CURRENT (lp) — A 
TRANSCONDUCTANCE (gis) — S 
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THERMAL RESPONSE (Ztnsc) 


BUZ45B 


V 55V 6V 65V 7V HHH 
Lt 
& 

a 


a 


DRAIN-TO-SOURCE ON RESISTANCE (rosiom) — Q 


DRAIN CURRENT (lp) — A 
Fig. 8 - Typical on-resistance vs. drain current. 


DRAIN CURRENT (lo) — A 


100 
CASE TEMPERATURE (Tc) — °C 


150 


Fig. 10 - Maximum drain current vs. case temperature. 
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| Fig. 12 - Maximum effective transient.thermal impedance, junction- 


to-case vs. pulse duration. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


at HARRIS BUZ6O 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features Package 


e 5.5A, 400V nO peecee 


TOP VIEW 
© DS(on) = 1.00 
e SOA is Power-Dissipation Limited 


DRAIN a 
= ———— R 
¢ Nanosecond Switching Speeds (FLANGE) cee a 
e Linear Transfer Characteristics | , [S—— GATE 


¢ High Input Impedance 


e Majority Carrier Device 


VeSCriPtiCi 


The BUZ60 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ60 is supplied in the JEDEC TO-220AB plastic package. 


N-CHANNEL 
POWER MOSFETs 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
BUZ60 UNITS 

Drain=Source Volage si <i a scekiiowts tl ewe ea teed Oe eees DRos bamkcie's os Vos 400 V 
Drain-Gate Voltage (RGS = 2OKQ).... cc cee cece eee e eee e eee eees VDGR 400 V 
Continuous Drain Current 

NG =H OO seh iehee cess opis Gs INed sear setae cae Keecetantesams Ip 5.5 A 
Pulsed Drain Current 

TG Fe50O Nesieu ncn she ara en Geutce uae ses ieiees vases ee IDM 22 A 
Gate-Source Voltage .......... cece cece eee ukaeaascanaweabena Vas +20 V 
Maximum Power Dissipation ° 

TOS 22S 9G so cih cect dcdimas ab ie aimeenoear ede shea tous Pp 15 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 OC 
DIN Humidity Category — DIN 40040 ....... cc cee ee cet cee ee teen eens E 
IEC Climatic Category ~- DIN IEC 68-1............... igs ecieances oueus 55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. | File Number 2260 


Copyright © Harris Corporation 1991 
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Specifications BUZ60 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC TEST CONDITIONS a" ee UNITS 
EE in a | Typ. | MAX. | 
Drain-Source Breakdown Voltage BVoss Ves =O V 
lp = 0.25 mA 
_| Gate-Threshold Voltage Vesitn Vos = Ves 
~ . lb=1 mA 


Zero-Gate Voltage Drain Current Tj = 25°C ian 
i 1000 


T,= 125°C 
Vps = 400 V, Ves =0V 


Gate-Source Leakage Current 
Drain- Source On Resistance 


Forwaid Transconductance 


~] 


Reverse Transfer Capacitance Crss 


Turn-On Time ton 
(ton = taton) + tr) 


Turn-Off Time tor 
(tort = tatotn + tr) 


Thermal Resistance, Junction-to-Case 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current ‘ 
To = 25°C 
Pulsed Reverse Drain Current loam 


fs 
' | Diode Forward Voltage V lrF=2xl 


LIMITS 


Reverse Recovery Time tr T, = 25°C, le = lor 
Reverse Recovered Charge Qar |dle/dt = 100 A/us, Va = 100 V 


DRAIN CURRENT (Ip) — A 


10° S10! 5 102 Vv 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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BUZ60 
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Fig. 2 - Power vs. temperature derating curve for all types. 


25(TTTILIILILILLL LL 

SRR ERS 
rit iT {itt iy ey yy 
PTT TTT titty 

2.0 PTT TTT Ti ttt tte Pete iti 

ep Pe ee A a eee ped ty 
eerie ls y, 


Ip = 2.5A 


Pe eae Ry ee 
Re el A 
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JUNCTION TEMPERATURE (Tj) — °C 
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Fig. 4 - Normalized drain-to-source on resistance to junction 


temperature for all types. 


DRAIN CURRENT (lp) —A 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 6 - Typical output characteristics. 
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GATE THRESHOLD VOLTAGE 
[Vgg (th)] — V 


Lee sae hee eee aees 


-50 0 50 100 150 


JUNCTION TEMPERATURE (Tj) — °C 


Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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ON-STATE DRAIN CURRENT [lotom] — A 


TRANSCONDUCTANCE (g1s) — S 


80 us PULSE TEST 
Vos = 25 V, Ti = 25°C 
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N-CHANNEL 
POWER MOSFETs 
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Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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CAPACITANCE (C) — nF 


Fig. 


REVERSE DRAIN CURRENT (IppR) — A 


10' 


uw 


La 


EE ES DR 

= aed 
Cae) ae a (CS Ge Ce ee) 
es aS ee ee ae a ers eee 
GS a ee es ee ee ee 
=e ea eee 
i ee ee Ges 
_—— 
| (eS MBSE IGS REE SES ee ee Ce 
Wa eas tae es, Nae ee ee ey 
1 ee ees ee eee ee ee ees 
1 a ae a as a 
a: a a ae ee ee 
AL 
ES ——E——e 
_ Coss 
CRS Se See A a ee: EE 

en ee i ee ee ee eee eee 
aes eed ee en, ee i 
Pe ae ee ee ee 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


PERE EE EERE REEF 
CEE GOi AS PULSE TEST 
DO a a 


5 staSRESERRESTRGRRUOUBORGHEGLE 


102 


15 20 2.5 3. 
SOURCE-TO-DRAIN VOLTAGE (Vgp) — V 


40 


9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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@ HARRIS BUZ60B 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features - Package 
e TO-220AB 
4.5A, 400V TOP VIEW 


e DS(on) = 1.50 
e SOA is Power-Dissipation Limited 


DRAIN 
. se 
e Nanosecond Switching Speeds on LC—UcLc_ a 
e Linear Transfer Characteristics [ee GATE 


e High Input Impedance 


e Majority Carrier Device 
Description 


The BUZ60B is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors a 
requiring high speed and low gate-drive power. This type can be D - ti 
operated directly from integrated circuits. = a 
The BUZ6OB is supplied in the JEDEC TO-220AB plastic package. = a 
Lu 
i 
G = = 
a. 
Ss 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
BUZ60B UNITS 
Drain-Source Voltage sic iiss So oie Sains de Se ww sacle horde rs ace e ee Vps 400 V 
Drain-Gate Voltage (RGS = 2OKD)... 6. cece cece eee ee eee eees VDGR 400 V 
Continuous Drain Current 
Ve S209 C ns eid ence ts eveens anasto as tons eeu reasons’ a Ip 4.5 A 
Pulsed Drain Current 
DGS LOC oeic ta en aw hss Une wae nn awiee Vike Ned eos eA Reels IDM 18 A 
Gate-Source Voltage ...... cece cece cece cece eee eens eUaedaatta’ Vas +20 V 
Maximum Power Dissipation 
TESA 25 CG a eeetsen best cataoes Jas ve eeeenen ee pees ieomulewiseet Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 : 1 @) 
DIN Humidity Category ~ DIN 40040 .... cece ce cc ce cece cree ee eees E 
IEC Climatic Category ~- DIN IEC 68-1. 2... . cece cc ccc ce cee eee 55/150/56 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2961 


Copyright © Harris Corporation 1991 
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Specifications BUZ60B 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


_ CHARACTERISTIC TEST CONDITIONS 


LIMITS 


| MIN. | TYP. | MAX. | 
Drain-Source Breakdown Voltage BVoss Ves =0V 
. = 400 
In = 0.25 MA V 
Gate-Threshold Voltage | Vasitn Vos = Vas 
ia 2 3 
lob = 1mA 
Zero-Gate Voltage Drain Current Tj = 25 °C 


Tj = 125°C 
Vos = 400 V, Ves = OV 


1000 HA 


—_ 
NO 

jo) 

© OC 
NO 
on 
j=) 


Gate-Source Leakage Current lass 


Drain-Source On Resistance lpston) 
Forward Transconductance Ofs 


Input Capacitance | | Ciss 
Output Capacitance Coss 


_k _k 
on ne) 
—_—k 
on 
fe 


1 
ALS 
ple 
GC |] 
oO 
pa fe 
od} 


pas © 
aa a 
i) 
nn 
o 


Reverse Transfer Capacitance . Crss ee 
Turn-Off Time toss tarot 110 140 
(tort = tarot + tr) tr | 50 | 


Thermal Resistance, Junction-to-Case Resc Rte tetuce. nf 
Thermal Resistance, Junction-to-Ambient Resa Re at nee 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current lor 
‘ Tc = 25 i C 
Pulsed Reverse Drain Current lpam 


Diode Forward Voltage Vsp lr = 2 x lpr 


- Reverse Recovery Time tr T, = 25°C, Ir = lon 
Reverse Recovered Charge Qrr [dlr/dt = 100 A/us, Va = 100 V 


. 
a 
eo 
a 
if 
| 
N 


DRAIN CURRENT (lo) — A 


A 
H 
J 
a 
i 
1 
H 
r 
a 
| 


10° 5 10! 5 10? 5 10° 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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ro) oO 


0 50 100 150 
CASE TEMPERATURE (Tc) —°C 


Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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Fig. 6 - Typical output characteristics. 
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Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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80 ws PULSE TEST 


Vos = 25 V, Tj = 25°C 


N-CHANNEL 
POWER MOSFETs 


ON-STATE DRAIN CURRENT [lpton] — A 


GATE-TO-SOURCE VOLTAGE (Ves) — V 


. 5 - Typical transfer characteristics for all types. 
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TRANSCONDUCTANCE (g:s) — S 


DRAIN CURRENT (lb) —A 


Fig. 7 - Typical transconductance vs. drain current. 
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DRAIN-TO-SOURCE ON RESISTANCE (rostom) — 
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DRAIN CURRENT (lp) — A 
Fig. 8 - Typical on-resistance vs. drain current. 
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DRAIN CURRENT (Io) — A 


CASE TEMPERATURE (Tc) — °C 
Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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_ Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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‘@ Harris BUZ71 


N-Channel Enhancement-Mode 


August 1991 , Power Field-Effect Transistor 
Features Package 
TO-220AB 
e 14A, 50V TOP VIEW 


* rDS(on) = 0.12 
" iereek ay : 
SOA is Power-Dissipation Limited DRAIN ices eee 
e Nanosecond Switching Speeds (FLANGE) — DRAIN 
e Linear Transfer Characteristics | > ee GATE 
¢ High Input Impedance 


e Majority Carrier Device 
Description 


The BUZ71 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors ” 
requiring high speed and low gate-drive power. This type can be D = ta 
operated directly from integrated circuits. = 2 
The BUZ71 is supplied in the JEDEC TO-220AB plastic package. = = 
bu 
1 
G =3 
a. 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
BUZ71 UNITS 
Drain=Source VONAGe ss csniiwaw es oedcnnein ec tweed eeeee wide wees Vps 50 V 
Drain-Gate Voltage (RGS = 20KD).... cece cece cece tree ee enee VDGR 50 V 
Continuous Drain Current 
TESS BC oe tormenncesyessctn ses eevee ews taneuaeseoen seus Ip 14 A 
Pulsed Drain Current 
Niet g i eee err ee ec eer rrr er ee IDM 56 A 
Single Pulse Avalanche Energy”, EAS .........ccececccccecccrceccevecs 100 mj 
Gate=Source Voltage: os sicis x cemiaieineseose salen weieewie da cies ees ease Ves +20 V 
Maximum Power Dissipation 
BY each gS ad Oe eR Sn nee re ee er ee re Pp 40 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG ~§5 to +150 oC 
DIN Humidity Category - DIN 40040 ... 0... cc cee eee e eee E 
IEC Climatic Category - DIN IEC 68-1..........e eee eect eee eee e ee eeee 55/150/56 
“Vpp = 10V, starting Tj = 25°C, L = 820uHy, Ineak = 14A, see Figures 14 and 15. 
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. | File Number 2A 8 
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Specifications BUZ71 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = +25°C Unless Otherwise Specified. 


| LIMITS 
CHARACTERISTICS TEST CONDITIONS min. | typ. | MAX. | UNITS 


Drain-Source Breakdown Voltage VGS =O0V 
iD =0.25mA 

Gate-Threshold none VGS(th) VDS = VGS 
ID=1mA 


= 25°C 250 
Zero-Gate Voltage Drain Current a = 125°C 1000 
VDS = 50 V, VGS=O0V 
Gate-Source Leakage Current IGSS VGS = 20V 
VDS=0V 


Drain-Source on Resistance ce ae | VGS = 10V 
ID =9A 


hnciaecancs Nc Transconductance VDS=25V 
ID=9A 


VGS=0V 
VDS = 25V 
Reverse Transfer Capacitance 
Turn-On Time ton 
(ton = td(on) + tr) 
Turn-Off Time toff 
(toff = td(off) = tr) 


Thermal Resistance, Junction-to-Case 


| 
N | O 
oT ot ot 


Thermal Resistance, Junction-to-Ambient 


*VDD = 10V, starting Tj = 25°C, L = 820 pHy, Ipeak = 14 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


[econ a 
Continuous Reverse Drain Current Tc = 259C 
Pulsed Reverse Drain Current IDRM lanl 5% 
Diode Forward Voltage IF=2x IDR_ 
dl 
fated 


CHARACTERISTICS 


Reverse Recovery Time Tj = 25°C, IF =1DR 
Reverse Recovered Charge QRR diF/dt = 100 A/ps, VR = 30 V 
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Figure 1 - Maximum safe operating areas for all types. 
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JUNCTION TEMPERATURE (T,) — °C 
Normalized gate threshold voltage as a function 


of junction temperature for all types. 


CASE TEMPERATURE (Tc) — °C 


Figure 3 


Figure 2 - Power vs temperature derating curve for all types. 
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Figure 5 ~- Typical transfer characteristics for all types. 


Figure 4 - Normalized drain-to-source on resistance 


to junction temperature for all types. 
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BUZ71 


SOURCE-TO-DRAIN VOLTAGE (Vsp) — V 
Figure 11 - Typical source-drain diode forward voltage. 
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CASE TEMPERATURE (Te) — °C 
Figure 10 - Maximum drain current vs case temperature. 
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Figure 14 - Unclamped energy test circuit. Figure 15 - Unclamped energy test waveforms. 
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@ HARRIS = BUZ71A 


N-Channel Enhancement-Mode 


August 1991 | | | | Power Field-Effect Transistor 
Features | | Package 
TO-220AB 
© 18A, SOV TOP VIEW 


° rDS(on) = 0.120 


e SOA is Power-Dissipation Limited 


DRAIN = | 
EE —— 
e Nanosecond Switching Speeds (FLANGE) states 
® Linear Transfer Characteristics , [a GATE 


® High Input Impedance 


® Majority Carrier Device 


Description 


The BUZ71A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ71A is supplied in the JEDEC TO-220AB plastic package. 


G 
S 
Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 
BUZ71A UNITS 

Dralt! Source VONAGE ss cccdeunsamuerwaeewssnene stone alyaes tae Vos 50 V 
Drain-Gate Voltage (RGS = 2OK{|). 0... cece cece tere eee e ee enes VDGR 50 V 
Continuous Drain Current 

GS 4000 C ure uss ih ed ela ch cetdae Seat erdieken ran ees ID 13 A 
Pulsed Drain Current 

TOS E29 yk tet passa weeny sie eRe Rea eae enw ams Dhe Sas lomM 48 A 
Single Pulse Avalanche Energy*, EAS ...... ccc ce ccc ce eect rete et eeenrenes 100 mij 
Gate-Source VONAGE: cscs coe de vitae dee ded sean ia eeve seas Vas +20 V 
Maximum Power Dissipation 

To =+259C .....  Suaiadase Gauls wasee ae oa ous heats anaes Perec ae Pp 40 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -~55 to +150 od @ 
DIN Humidity Category - DIN 40040 ..... ce ccc ccc ete cen eee e eens E 
IEC Climatic Category ~ DIN IEC 68-1......... ccc cee cece cree ete eeenes 55/150/56 


*Vop = 10V, starting Tj = +25°C, L = 820pHy, Ingak = 14A, see Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 


: : : File Number 
Copyright © Harris Corporation 1991 
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Specifications BUZ71A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = +25°0C Unless Otherwise Specified. 


LIMITS 
CHARACTERISTICS TEST CONDITIONS | min. | TYP. | MAX. — UNITS 


Drain-Source Breakdown Voltage BVDSS VGS=0V 
ID=0.25 mA 
V 
Gate-Threshold Voltage VGS(th) VDS = VGS 3 
ID=1mA 


Tj = 25°C 20 250 
Zero-Gate Voltage Drain Current Tj= 1259C 100 1000 pA 
VDS = 50 V, VGS=O0V 
Gate-Source Leakage Current IGSS VGS = 20V 
VDS=0V 
Drain-Source on Resistance rDS(on) VGS=10V 
ID=9A 


Forward Transconductance VDS =25V 
ID=9A 


VGS=0V 
Output Capacitance Coss VDS = 25V 
Reverse Transfer Capacitance Crss f=1 MHZ 


Turn-On Time ton td(on) Vee = 30 V 
(ton = td(on) + tr) tr ID=3A 

Turn-Off Time toff td(off) VGS =10V 
(toff = td(off) = tr) RGS =50N 


Thermal Resistance, Junction-to-Case 


N-CHANNEL 
POWER MOSFETs 


Thermal Resistance, Junction-to-Ambient 


*VDD = 10 V, starting Tj = 25°C, L = 820 Hy, Ipeak = 14 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTICS TEST CONDITIONS 


Continuous Reverse Drain Current IDR Tc = 259C 
Pulsed Reverse Drain Current IDRM 


Diode Forward Voltage VSD IF=2xIDR 
VGS = OV, Tj = 259°C 


Reverse Recovery Time tre Tj = 25°C, IF =IDR | a0 { - | 
Reverse Recovered Charge QRR dIF/dt = 100 A/ps, VR = 30 V ee ee 
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Figure 1 - Maximum safe operating areas for all types. 
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Figure 2 - Power vs temperature derating curve for all types. 
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Figure 5 - Typical transfer characteristics for all types. 


Figure 4 - Normalized drain-to-~source on resistance 


to junction temperature for all types. 
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ye 


m/z 
Yea 


DRAIN CURRENT (Ip) — A 
TRANSCONDUCTANCE (gts) — S 


DRAIN-TO-SOURCE VOLTAGE (Vps) — V DRAIN CURRENT (Ip) — A 


Figure § - Typical output characteristics. Figure 7 - Typical transconductance vs drain current. 
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Figure 8 - Typical on-resistance vs drain current. Figure 9 - Typical capacitance vs drain-to-source voltage. 
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Figure 10 - Maximum drain current vs case temperature. Figure 11 - Typical source-drain diode forward voltage. 
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Figure 12 - Maximum effective transient thermal impedance, Figure 13 - Typical gate charge vs gate-to-source voltage. 
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Figure 14 - Unclamped energy test circuit. Figure 15 - Unclamped energy test waveforms. 
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it HARRIS 


August 1991 


Features 

e 9A, 100V 

* DS(on) = 0.252 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ72A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ72A is supplied in the JEDEC TO-220AB plastic package. 


BUZ/2A 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-220AB 
TOP VIEW 
DRAIN 241 
————————— 
(FLANGE) SOURCE 


>= DRAIN 


= 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltages. c:cewwwesier ee ncnee enn es reads ete eeev els Vos 
Drain-Gate Voltage (RGS = 20K)... cece cece eee ee eee eee eens VpDGR 
Continuous Drain Current 

EG Se 20CG Seite ea and ite ooo eegieiaaaiaa mallatn atanieaine eye Ip 
Pulsed Drain Current 

NGS FeSO ees snes han bw Utne See eee ee eeumaeaeees IDM 
Gate~Source Voltage ........ccccecscncenctoecccccccrcceacascace Vas 
Maximum Power Dissipation 

NG 25°C ew catadec denies even dae ed eaeerae setae Gene eeveuw ee Pp 
Operating and Storage Junction Temperature Range............ Ty, TSTG 
DIN Humidity Category -— DIN 40040 .. 1... ccc cece cee cnet eee eees 
IEC Climatic Category - DIN IEC 68-1... .... cece eee cece eect eee eens 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ72A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


F CHARACTERISTIC . TEST CONDITIONS conti 
Drain-Source Breakdown Voltage _ BVpss Ves =0V 
bs 100 
: lp = 0.25 mA 
Gate-Threshold Voltage . Vesitn) Vos = Ves 
| ~Ip=1mA 


Zero-Gate Voltage Drain Current loss Tj = 25°C 


UNITS 


= a | 
ro) wo < 


N 


20 250 


T; = 125°C 100 1000 
Vos = 100 V, Ves =O V 
Gate-Source Leakage Current fess | Ves = 20 V 
oe | Vos =O0V 
Drain-Source On Resistance - Ff pSton) Ves = 10 V 
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SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current lor 


LIMITS 


aw 
o 


UNITS 


Te = 25 °C 


Pulsed Reverse Drain Current IDRM 


Diode Forward Voltage lp = 2 X lpr 
Ves = OV, T) = 25°C 


Vsp 
Reverse Recovery Time | tre T = 25°C, Ir = lpr 
Qrr 


1 
0.30 


~] 


| 
on) a a) 
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Reverse Recovered Charge dir/dt = 100 A/us, Va = 30 V 


.~ 
©) 


eclliZal 


BASU 
nt LENG 
; 
1] 
. 
a, a 
a 


en 
1 | 
i. a it 
u 
we 
i 
a8 
oe 
as 
i 


DRAIN CURRENT (lo) — A - 


10° 5 10! 5. 107 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (P1) — W 
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CASE TEMPERATURE (Tc) —°C 


Fig. 2 - Power vs. temperature derating curve for all types. 
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DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 6 - Typical output characteristics. 


BUZ72A 


Fig. 4 - Normalized drain-to-source on resistance to junction 
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GATE THRESHOLD VOLTAGE 
IVgs (th)] — V 
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Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 8 - Typical on-resistance vs. drain current. Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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w HARRIS BUZ7/3A 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features Package 


° 5.8A, 200V Lied 


TOP VIEW 
* rDS(on) = 9.62 
e SOA is Power-Dissipation Limited 


DRAIN a 
Ee 
e Nanosecond Switching Speeds (FLANGE) arte 
e Linear Transfer Characteristics | R ee GATE 


e High Input Impedance 


e Majority Carrier Device 


VeSCripPtioi 
The BUZ73A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 2 
requiring high speed and low gate-drive power. This type can be D ire 
operated directly from integrated circuits. z=S 
: eck ‘ <= 
The BUZ73A is supplied in the JEDEC TO-220AB plastic package. 3 
s =2 
a. 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
| BUZ73A UNITS 
Drain=Source Voltage vs 28% ces aeah ewok Cares ewes oie sees saieeeys Vos 200 Vv 
Drain-Gate Voltage (RGS = 2OKQ)....... ccc eee ccc eee e neces VDGR 200 V 
Continuous Drain Current 
ifotakuesicl Caer te eer eee ere re ery errr err err ere ter eT en Ip 5.8 A 
Pulsed Drain Current 
NGS H29°C Ver ievcuusighelesetsa sansa new sensatees teas nae ens IDM 23 A 
Gate=Source VOWage sos sen ces a en ince se anvee wie ee beee eae ens Ves +20 V 
Maximum Power Dissipation 
TO S259 25 ct endn snes asab vanwd dates iee eon none eens Pp 40 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 oC 
DIN Humidity Category — DIN 40040 .... ccc ccc ee cece tence E 
IEC Climatic Category - DIN IEC 68-1... .... cece ccc eee eee e cece eens 55/150/56 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 226 3 


Copyright © Harris Corporation 1991 
4-157 


Specifications BUZ73A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS ae 


Drain-Source Breakdown Voltage BVpss Ves=O0V 
| lb = 0.25 mA 
Gate-Threshold Voltage Vesitm Vos = Ves 
. lb>=1mA 
Zero-Gate Voltage Drain Current Tj = 25°C 
Tj = 125 °C 
Vos = 200 V, Ves =OV 


250 
1000 


Gate-Source Leakage Current lass 
Drain-Source On Resistance Toston) 


Forward Transconductance Ots 


Input Capacitance Ciss 


Output Capacitance 


ne) 
ie) 


Reverse Transfer Capacitance 


Turn-On Time ton, 
(ton = taton + tr) 


Turn-Off Time tor 
(tote = tatorn + tr) 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient 


~~ LIMITS 
CHARACTERISTIC , TEST CONDITIONS ae a NTS 


ntinuous Reverse Drain Current | 
= = = To = 25 °C 


Pulsed Reverse Drain Current lornm 


Diode Forward Voltage Vsp lp = 2 X lor 
Ves = OV, T) = 25°C 


Reverse Recovery Time tr T; = 25°C, le = lpr 


Reverse Recovered Charge Qrr |dle/dt = 100 A/us, Va = 100 V 
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DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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of junction temperature for all types. 


N-CHANNEL 
POWER MOSFETs 
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DRAIN-TO-SOURCE ON RESISTANCE 


ON-STATE DRAIN CURRENT [lotom] — A 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 


80 ws PULSE TEST 
Vos = 25 V, Tj = 25°C 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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DRAIN-TO-SOURCE ON RESISTANCE (rosiom) — 2 


DRAIN CURRENT (lp) — 
Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
e 3A, 400V TOP VIEW 


* DS(on) = 1.82 
e SOA is Power-Dissipation Limited 


DRAIN a 
————— 
e Nanosecond Switching Speeds (FLANGE) sae 
e Linear Transfer Characteristics | , _—— GATE 


e High Input Impedance 


e Majority Carrier Device 


Description 
The BUZ76 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors ” 
ie : : ; b 
requiring high speed and low gate-drive power. This type can be D = bu 
operated directly from integrated circuits. == 2 
ee ; <= 
The BUZ76 is supplied in the JEDEC TO-220AB plastic package. a & 
6 23 
o. 
S 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
BUZ76 UNITS 
DiaiN=SOUrCE VONAGE i665. dW 6eGals saa va Ra ewet edie s eaters Debces Vps 400 V 
Drain-Gate Voltage (RGS = 20K)... 6. cece eee cece ee eee eee eeees VDGR 400 V 
Continuous Drain Current 
TGS S09 vais cece ti eeonweteanealey his Melon Re disuenapeowes Te) 3 A 
Pulsed Drain Current 
Wocups Cee oer ire Terre ret ete ree ee eT re er eet IDM 12 A 
Gate-Source Voltage: cs cain wicket cadence sani enc ces mek dem eee eas Vas +20 V 
Maximum Power Dissipation 
EO AOC iain ce tho hae Cot ahal trp k ahs Ss a ROR Ia Sea aks Pp 40 WwW 
Operating and Storage Junction Temperature Range............ Ty TSTG -55 to +150 oC 
DIN Humidity Category — DIN 40040 20... cee cc cc ence etter eens E 
IEC Climatic Category - DIN IEC 68-1........... 0... ccc ee cc eee nee 55/150/56 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2264 
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Specifications BUZ76 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


. CHARACTERISTIC TEST CONDITIONS 
Drain-Source Breakdown Voltage BVoss Ves=OV 
| Ip = 0.25 mA V 
Gate-Threshold Voltage Vesitn Vos = Ves 


Zero-Gate Voltage Drain Current 


Drain-Source On Resistance 
Forward Transconductance 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance _ | Crss 


Turn-On Time ton - tation 
(ton = taion + tr) tr 


Turn-Off Time tot 
(tote = taro + tr) 


Thermal Resistance, Junction-to-Ambient 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current lpr 5 
To = 25°C 
Pulsed Reverse Drain Current lprm 


Diode Forward Voltage Vsp Ir = 2 xX lpr 14 14 Vv 
Ves = OV, Tj) = 25°C i : 


Reverse Recovery Time Tj = 25°C, Ir = lor 


Reverse Recovered Charge, Qarn |dle/dt = 100 A/us, Va = 100 V 


DRAIN CURRENT (lp) — A 


10° 5 10 5 102 103° 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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temperature for all types. 
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DRAIN CURRENT (Ip) — A 


Fig. 8 - Typical on-resistance vs. drain current. 


DRAIN CURRENT (lo) — A 


AT in NLL 
HTIAATAIAA 
A col 


QO. , 50 ~ 400 150 
CASE TEMPERATURE (Tc) — °C 


Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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@ HARRIS - BUZ76A 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
ma Oh alo TOP VIEW 


* (DS(on) = 2-52 
e SOA is Power-Dissipation Limited 


DRAIN 
¢ Nanosecond Switching Speeds ia = eee na 
e Linear Transfer Characteristics $< GATE 


¢ High Input Impedance 


¢ Majority Carrier Device 
Description 


The BUZ76A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 7) 
¢ ; . ‘ -— 
requiring high speed and low gate-drive power. This type can be D Tre: 
operated directly from integrated circuits. a = 
; — : <= 
The BUZ76A is supplied in the JEDEC TO-220AB plastic package. a oc 
Lu 
, 23 
o.. 
Ss 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
BUZ76A UNITS 
DIAin=SOurce VONAGG % .0 sin besa eis caves a ueidieny imei ace weens Vos 400 V 
Drain-Gate Voltage (RGS = 2OKD). 0... cece cee eee e eee teens VDGR 400 V 
Continuous Drain Current 
NG SOCG eaicaeny ores sisters Sow er Ret Cho Meow ee eke NG tee ees Ip 2.6 A 
Pulsed Drain Current 
OV etek so Oe ee re er er ee err ee ee ee rear r IDM 10 A 
Gate-Source Voltage: oa.s sci ceenein tkGidet Pewwes ee dawens eee ads Vas +20 V 
Maximum Power Dissipation 
TG S725 °C tie sa suhcuewtac ras osaiea neu stcone oes et eahens Pp 40 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 oC 
DIN Humidity Category - DIN 40040 ... 0... cece cece ce eee ences E 
IEC Climatic Category - DIN IEC 68-1... 2... 0c cece eee eee 55/150/56 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 226 5 
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Specifications BUZ76A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


eT : 
| CHARACTERISTIC TEST CONDITIONS 
Drain-Source Breakdown Voltage BVoss Ves =OV 
. Ip = 0.25 mA 


Gate-Threshold Voltage Vestn Vos = Ves 
. Ip =1mA 


Cc 


NITS 


18 
E 
U0 


Zero-Gate Voltage Drain Current Tj = 25°C 20 
Tj = 125 °C 100 ‘000 A 
Vos = 400 V, Ves =0V 
Gate-Source Leakage Current less Ves = 20 V A 
Vps =OV 


Drain-Source On Resistance lpston) Ves = 10 V 
Ilp=15A 
Forward Transconductance 


ed 
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on 
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Turn-On Time ton 
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Thermal Resistance, Junction-to-Ambient 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


ontinuous Reverse Drain Current 
aa 
Pulsed Reverse Drain Current loru 


om 
Diode Forward Voltage Vv IF=2x1 


Reverse Recovery Time = 25°C, Ir = lpr 
Reverse Recovered Charge fe = 100 A/us, Va = 100 V 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
6 =) : 
P,=40W 80 ws PULSE TEST 
. sag Vos = 25 V, T, = 25°C 
T,= 25°C 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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DRAIN-TO-SOURCE ON RESISTANCE (rostom) — Q 


DRAIN CURRENT (lp) —A 


Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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August 1991 


Features 

e 8.0A and 9.2A, 80V - 100V 

* rpS(on) = 0.272 and 0.362 

e SOA is Power-Dissipation Limited 
-e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The IRF120, IRF121, IRF122, and IRF123 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 


IRF120, IRF121 
IRF122, IRF123 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 


package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage (1)... ccc e ee cece eee eee nens Vos 
Drain-Gate Voltage (RGS = 20K1) (1)... 2. cc cece ewes VDGR 
Continuous Drain Current ; 
1G HA29°G seer es ct atetieuiieaid eel eietanee eas Ip 
TGS F100PC | cece pace ica ays cudnteeeeeeebeasee ee Ip 
Pulsed Drain Current (S) occesccoseracwsiesencunssoxeon lDoM 
Gate=SoUurce VONAGC: oo ie's.c-in snietsie oF sein arte sie oH Se utwe% VGS 
Maximum Power Dissipation 
TS eSPC eee wtede den vob ewanwes eS ansaaks Pp 
Linear Derating Factor... ..... cc ccc ccc ce cece ccc cesacccces 
Inductive Current, Clamped ......... ccc cece ence een eeee ILM 
(See Figures 14 and 15, L = 100uH) 
Operating and Storage Junction .............. eee Ty, TSTG 


Temperature Range 
Maximum Lead Temperature for Soldering 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +1509C. 
2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


TO-204AA 
BOTTOM VIEW 


DRAIN 
v4 (FLANGE) 
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SOURCE 
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GATE 
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IRF120 IRF121 IRF122 IRF123 UNITS 
100 80 100 80 V 
100 80 100 80 V 
9.2 9.2 8.0 8.0 A 
6.5 6.5 5.6 5.6 A 
37 37 32 32 A 
+20 +20 +20 +20 V 
60 60 60 60 W 
0.4. 0.4 0.4 0.4 W/9G 
32 32 28 28 A 

-55to+175 -55to+175 -55to1t175 -55to+175 oC 
300 300 300 300 0¢ 
File Number 1565.1 
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Specifications IRF120, IRF127, IRF122, [IRF123 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss _| Vas = OV, Ip = -250pA 
IRF120, IRF122 


IRF121, IRF123 


Gate Threshold Voltage Vasc) | Vos = Vas; Ip = -250nA | 20 {| - {| 40 | vi | 
Gate-Source Leakage Forward iess_ | Vag =20V [= | - | 100 | nA | 
Gate-Source Leakage Reverse | I6ess |Vasg=-20V nA 


Zero Gate Voltage Drain Current Ipss 


Vps = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +150°9C 


Vps > !D(ON) X DS(ON) Max VGs = 10V 


= 


. Y 
ala} slelefelalsisyaisial> fol> | =|ale 


1000 uA 


On-State Drain Current (Note 2) 
IRF120, IRF121 


IRF122, IRF123 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF120, IRF121 


IRF122.IRF123 


Forward Transconductance (Note 2) Sts Vps > IDION) X "DS(ON) Max: !p = 5.6A 


ID(ON) 


TDS(ON) | VGs = 10V, Ip = 5.6A 


co 
Le) 
“J 


Input Capacitance Ves = OV, Vos = 25V, f = 1.0MHz 
Output Capacitance See Figure 10 
Reverse Transfer Capacitance 
Turn-On Delay Time d(ON) | Vpp = 50V, Ip = 9.2A, rd = 5.19, Rg = 182 
secon einen ts a 
- are essentially independent of operating 
Turn-Off Delay Time 'd(OFF)_| temperature) | 


Fall Time tf 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge '. 
| Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


io) 
1) 


VGS = 10V, Ip = 5.6A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. _ 
(Gate charge is essentially independent of 
operating temperature.) 
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Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
die. 


D 


rm 
zz 


Internal Source Inductance 


3 
8 


Ls Measured from the 12.5 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Junction-to-Case Rouc °C/W 
Case-to-Sink : Rocs | Mounting surface flat, smooth and greased | OCW | 


on 
eo) 


—_ 


1 e) 
=} 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET ° 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Is 
Pulse Source Current Ism 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) To = +259C, Ig = 9.2A, Vas = OV 
Reverse Recovery Time Ty = +2506, Ip = 9.2A, dig/dt = 100A/us 
Reverse Recovered Charge Ty = +259C, Ip = 9.2A, dig/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


e 2 ER 
tn 
Oo 

- wo 

ae ¥ 

Oo ine) 
pl] >] > 


= 
Q 


NOTES: 
1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by maximum junction temperature. 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Transient Thermal Impedance Curve (Figure 5) 
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IRF 120, IRF1217, IRF122, IRF123 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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N-CHANNEL 
POWER MOSFETs 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION TO CASE vs PULSE DURATION 
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IRF120, IRF121, IRF122, IRF123 
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IRF 120, IRF1217, IRF122, IRF123 
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FIGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15. CLAMPED INDUCTIVE WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V oe 
BATTERY } 
wale 


Ves= 10V 


PULSE WIDTH < 12S 


DUTY FACTOR < 0.1% “Vos 
IG CURRENT Ip CURRENT 
SHUNT — SHUNT 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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it HARRIS 


May 1992 


Features 

e 12A and 14A, 80V - 100V 

* DS(on) = 0.162 and 0.232 

¢ Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


— IRF130/131/132/133 
IRF130R/131R/132R/133R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-204AA 


DRAIN 
f (FLANGE) 


The IRF130, IRF131, IRF132, and IRF133 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF130R, IRF131R, IRF132R, and IRF133R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as_ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel | Ss 


package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF130 IRF131 IRF132 IRF133 


IRF130R IRF131R IRF132R IRF133R UNITS 

Drain-Source Voltage (1) ..... ccc cece cee cece eens Vps 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20kKN) (1).... 2... cee ee eee VDGR 100 80 10 80 V 
Continuous Drain Current 

Tee cut wetness Seek Sow on ewe beens Ip 14 14 12 12 A 

FG = F1009 ks icine heey eS tan dwe vaenwnchew eens Ip 9.9 9.9 8.3 8.3 A 
Pulsed Drain Current (3) ....... cece cece eee e cece veecs IDM 56 56 48 48 A 
Gate~Source Voliage: .isisuss slice sas ceased yes anes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation ......... 0. cee ee cece eecuee Pp .._—*79 79 79 79 W 
Linear Derating Factor.......cccccceccseeccescecceeces nae 0.53 0.53 0.53 0.53 W/°C 
inductive Current, Clamped ......... ccc eee cece ene wees ILM 56 56 48 48 A 

(See Figure 14, L = 100uH) . 
Single Pulse Avalanche Energy Rating (4).............. Eas* 50 50 50 50 mJ 
Operating and Storage Junction ..............000% Ty TSTG ~-55to+175 -55to+175 -55to+175 -55to+175 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +1509C. 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 


4. Vpp = SOV, starting Ty = +25°9C, L = 380uH, Res = 25, 
IPEAK = 14A. See Figure 15. 


3. Repetitive Rating: Pulse width limited by max junction temp. See 


Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 566.2 


Copyright © Harris Corporation 1992 
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IRF130, IRF131, IRF132, IRF133 IRF130R, IRF131R, IRF132R, IRF133R 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TESTCONDITIONS a 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA 
IRF130/132, IRF130R/132R 100 V 
ee a ee ea 


IRF131/133, IRF131R/133R 


[Gate Tireshoidvorage | Vasmm |Vos=Ves Ip= 250A ——=S~=~—‘i OY CSCC 
[Gate-SourceLeakageFoward | loss |Vas=20V—=——SSCSCSCS | = | 100+ 
[Gate-Source LeakageReverse | Iass_|Vas=-20 SS = | = | 100+ 


Zero Gate Voltage Drain Current IpDss 


Vps = Max Rating, Vas =0V ee ee ee 


Vps = Max Rating x 0.8, Vas = OV, 
Ty =+1259C 


VDS > ID(ON) X (DS(ON) Max: VGS = 10V 


On-State Drain Current (Note 2) 
IRF130/131, IRF130R/131R 


IRF132/133, IRF132R/133R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF130/131, IRF130R/131R 


IRF132/133, IRF132R/133R 


Forward Transconductance (Note 2) Sts Vps> SOV, Ip = 8.3A 
Input Capacitance Ciss_ |VGs=OV, Vps = 25V, f = 1.0MHz 


See Figure 10 


ID(ON) 


DS(ON) | VGS = 10V, Ip = 8.3A 


ae) 


” 


N-CHANNEL 
POWER MOSFETs 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Vpop = 50V, Ip = 14A, Rg = 129 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


V6Es = 10V, Ip = 14A, Vps = 0.8 Max nC 
Rating. See Figure 17 for test circuit. 


(Gate charge is essentially independent of nc 
operating temperature.) ee ee ee oe 
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Internal Source Inductance Ls Measured from the 12.5 nH 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. Bs 
Junction-to-Gase AG ee ee ome 
Rocs _| Mounting surface flat, smoothandgreased_[- | 00 | - | °C/W_ 


netonocanbion [Rasa [Frevareneaion [= P= | SO a 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
G 


Is 
Pulse Source Current | ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 


Ty = +259C, Ig = 14A, Vag = OV 
Reverse Recovery Time | tre =| Ty = +250C, Ip = 14A, die/dt = 100A/us 
Reverse Recovered Charge | Qar_ | Ty=+259C, Ip =5.5A, dip/dt = 100A/ps 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 5OV, Start Ty = +25°C, L = 380ynH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 259, Ipeak = 145A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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Measured between Modified MOSFET nH 
the contact screw on | symbol showing the 

header thatis closer | internal device 

to source and gate inductances. 

pins and center of ° . 
center of die. 


IRF 130, IRF1317, IRF132, IRF133 IRF130R, IRF1317R, IRF132R, IRF733R 
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Ip. DRAIN CURRENT (AMPERES) 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF130, IRF131, IRF132, IRF133_ IRF130R, IRF131R, IRF132R, IRF133R 


10 


Vos > 50V 
80vs PULSE TEST 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
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N-CHANNEL 
POWER MOSFETs 


BVpss. DRAIN-TO-SOUACE BREAKDOWN VOLTAGE 
(NORMALIZED) 
(NORMAL IZED) 


Ros (on)» ORAIN-TO-SOURCE ON RESISTANCE 
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Ty JUNCTION TEMPERATURE ( Qc) Ty JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 
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FOR TEST CIRCUIT 
SEE FIGURE 16 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE . GATE-TO-SOURCE VOLTAGE 
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PULSE WIDTH < 1:8 
DUTY FACTOR < 0.1% 


IRF130, IRF1317, IRF132, IRF133 IRF130R, 
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““y80vs PULS ES 


1.2 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on)- 


Ip. ORAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 
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E, = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 
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Ves= 10V 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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IRF131R, IRF132R, IRF133R 
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FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
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FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF140R/141R/142R/143R 
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Features 

e 28A and 25A, 80V - 100V 

* DS(on) = 0.0772 and 0.102 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Vescriptioin 
The IRF140, IRF141, IRF142, and IRF143 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF140R, IRF141R, IRF142R, and IRF143R types are 
advanced power MOSFETs designed, tested, and guaranteed 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-204AE 


DRAIN 


SOURCE J (FLANGE) 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


” 
to withstand a specified level of energy in the breakdown D 4 to 
avalanche mode of operation. All of these power MOSFETs are =o 
designed for applications such as switching regulators, = = 
switching converters, motor drivers, relay drivers, and drivers 5 & 
for high-power bipolar switching transistors requiring high G z= 
speed and low gate-drive power. These types can be operated = 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AE steel S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF140 IRF141 IRF142 — IRF143 
IRF140R IRF141R IRF142R IRF143R UNITS 

Drain-Source Voltage (1) ...... ccc cece eee eee c cena Vos 100 80 ~ 100 80 V 
Drain-Gate Voltage (RGS = 20K2) (1)... . ce eee ee eee VDGR — 100 80 100 80 V 
Continuous Drain Current 

NG 2006 aecoctasns tan ean reese ia eatene einen den Ip 28 28 25 25 A 

T= OOS S 5 asad eirctiwe sls ha tieda nares vases heats Ip 20 20 17 17 A 
Pulsed Drain Current (3) ........ 02. cece cee cence e ee nees lDM 110 110 100 100 A 
Gate-Source Voltage 2... case cenetencceemenewad ceeees Vas +20 +20 +20 +20 V 
Maximum Power Dissipation ......... 0.0 cece eee eeneeees Pp 150 150 150 150 W 
Linear Derating: Factor 255 < ccs occ odaeteart i eendden's 1.0 1.0 1.0 1.0 W/9C 
Inductive Current, Clamped ..........0. cece eee e cee eene ILM 108 108 96 96 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 100 100 100 100 mJ 
Operating and Storage Junction ......... eee eenee Ty TSTG -55to+175 -55to+175 -55to+175 -55to+175 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 OC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4.Vpp = 25V, starting Ty = +25°C, L = 190pH, Regs = 250, 


2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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IPEAK = 28A. See Figure 15. 


2306.1 


File Number 


IRF140, IRF141, IRF142, IRF143_ IRF140R, IRF141R, IRF142R, IRF143R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
__ CHARACTERISTIC : TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Internal Source Inductance Ls Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 


pad. 


12.5 


Drain-Source Breakdown Voltage BVpss'__ | Vas= OV, Ip = 250nA . 
IRF140/142, IRF140R/142R 100 V , 
IRF141/143, IRF141R/143R | ee ee ee ee 

Gate Threshold Voltage Vascty) | Vps=Vas; Ip = 250A 1.20 { - {| 40 | vi | 

Gate-Source Leakage Forward less |Vqsg=20V fo - f[ - |. 100 | na | 

Gate-Source Leakage Reverse Iess |Vqsg=-20V | -- | - | -100 | nA | 

Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV i ie Ee 
Vps = Max Rating x 0.8, Ves = OV, 1000 yA 

. = Ty = +125°9C 

On-State Drain Current (Note 2) ID(ON) | VDS> ID(ON) X DS(ON) Max: VGs = 10V 
IRF140/141, IRF140R/141R A 
IRF142/143, IRF142R/143R es oe ee ee 

Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 17A 

Resistance (Note 2) _ . 
IRF140/141,IRF140R/141R 0.07 0.077 2 
IRF142/143, IRF142R/143R | = | 009 | 0.100 

Forward Transconductance (Note 2) | gts _| VpS > 50V, Ip =17A | 13 [| - | SU) 

Input Capacitance Ciss__] Vas = OV, Vps = 25V, f = 1.0MHz 1275 | - | pF | 

Output Capacitance Coss _| S% Figure 10 sso | - | oF _| 

Reverse Transfer Capacitance Crss | 180 |. - | pF | 

Turn-On Delay Time | ta(on) | Vpp = 50V, Ip = 28A, Rg =9.19 | 16 | 23 | ns | 

Rise Ti See Figure 16. (MOSFET switching times OT 1 

LE a eas em PRES er etalr etis a 

Turn-Off Delay Time taOFF [3s 60 | ns _| 

Fall Time ieee ee | Cs Be 

Total Gate Charge Ves = 10V, Ip = 28A, Vps = 0.8 Max 38 nc 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te-Sou ha : (Gate charge is essentially independent of 

Gate-Drain (“Miller”) Charge | Qgq | = ae 

Internal Drain Inductance. Lp Measured between Modified MOSFET nH 

the contact screw on | symbol showing the 
header thatiscloser | internal device 

to source and gate inductances. 

pins and center of 

center of die. 


oS 
Janction-to- Case Ce aS 
Case-to-Sink Recs __ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
i P-N junc. rectifier. G 
a ee 


} Pulsé Source Current 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Vsp Ty = +2590, Is = 28A, Vas = OV | 
Reverse Recovery Time trr Ty = +25°C, IF = 28A, dig/dt = 100A/ps 70 
Reverse Recovered Charge QRR | Ty=+25°C, Ip = 5.5A, dig/dt = 100A/ps 


(oe) 
Oo 


= 
2) 


2 
~] 


on 
oO 
=| @ 
018 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 190nH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 25, IpEAK = 28A (See Figure 15) 
Duty Cycle < 2% impedance Curve (Figure 5) 
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IRF140, IRF141, IRF142, IRF143 IRF140R, IRF1417R, IRF142R, IRF143R 


Ip. DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


10 20 30 50 0 e 4 6 8. 10 
Vopg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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107¢ 


4. DUTY FACTOR, D=t,/to 


THERMAL RESPONSE (Z¢y Jc) 
io) 


t,. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF 140, IRF141, IRF142, IRF143 IRF140R, IRF141R, IRF142R, IRF143R 
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0.0 0.6 | es 2.4 3.0 
Ip. ORAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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DRAIN-TO-SOURCE ON RESISTANCE 


(ae ae a 
Nt 
a ee ee ie 
Pie IN 


BVpsg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.85 + 0.6 
Cc 
eae eRRE 
dp} 
Acie of Pass ie [eee 200 
0.75 526 Veg = 10V] | 
-60-40-20 0 20 40 60 80 100 120 140 160 180 ~60 -40-20 0 20 40 60 80 100 120 140 160 180 
Ty. JUNCTION TEMPERATURE ( °C) Ty. JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON~RESISTANCE vs 


TEMPERATURE 


f = 4MHz 


3000 = = 
== = fe. 
Ciss = Cgs + Cou: Cys SHORTED 


a 
San6 Cass = Cgg = 
od Coss = Cas + Cys Sg / Uys * Cod) = 
~ bed Cas + Cog La 
s Ne | | x 
ty 1800 +> OT S 
Oo 
z NP TTT ; 
« c 
St TNE Td : 
a 1200 q n 
ST | TENGE TET : 
eee ee el : 
600 => <q WT S 
PNET TR TTT é 
4 a > FOR TEST CIRCUIT 
eee elie SEE FIGURE 16 
2 5 102 0 12 24 36 48 60 
Vpg: DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF 140, IRF141, IRF142, IRF143 IRF140R, IRF1417R, IRF142R, IRF143R 


““[80rs PULSE TES ae 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on) + 


Ip. ORAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK 1. 


tp 


IL 


E, = O.5BVpsg Ecg= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


mL 
Vas= 10V 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


30 


ay 
ei IAF 4140, 144 hy 


B® 


Ip. DRAIN CURRENT (AMPERES) 


0 
25 50 75-100. 125150175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK 1) 


wold 
Ves= 10V ; 
p 


Res 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
BATTERY '}LF 
a bal 


“Vos 
IG CURRENT —L Ip CURRENT 
SAMPLING RESISTOR ™ SAMPLING RESISTOR 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF150/151/152/153 
IRF150R/151R/152R/153R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

© 33A and 40A, 6OV - 100V 

© DS(on) = 0.0552 and 0.080 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF150, IRF151, IRF152, and IRF153 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF150R, IRF151R, IRF152R, and IRF153R types are 
advanced power MOSFETs designed, tested, and guaranteed 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as _ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AE steel Ss 
package. 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRF150 IRF151 IRF152 IRF153 
IRF150R IRF151R IRF152R IRF153R UNITS 
Drain-Source Voltage (1) ..... ccc cece reece reece Vps 100 60 100 60 V 
Drain-Gate Voltage (RG@S = 20k) (1)........ 22. ee eee VpDGR 100 60 10 60 V 
Continuous Drain Current 
TE SH e O° Hk eye ems encherlane reas tat ver adanin Ip 40 40 33 33 A 
TO PIQOIG ics Sis Ses siGeceeew heed eaee cee ees Ip 25 25 20 20 A 
Pulsed Drain Current (3) ........-. ses eee c eee e cere neees IDM 160 160 132 132 A 
Gate-Source Voltage ....... cece eee cece eee ceeces Ves +20 +20 +20 +20 V 
Maximum Power Dissipation (See Fig. 14) ............055 Pp 150 150 150 150 W 
Linear Derating Factor..........cccceccccecencccccceseens 1.2 1.2 1.2 1.2 W/9G 
Inductive Current, Clamped .......... ccc cece eee een ees ILM 160 160 132 132 A 
(See Figure 14, L = 100uH) ; 
Single Pulse Avalanche Energy Rating (4)...........06- Eas* 150 150 150 150 mJ 
Operating and Storage Junction ..........0eeeeeee Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 id © 
Temperature Range 
Maximum Lead Temperature for Soldering ............6.. TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4.Vpp = 10V, starting Ty = +25°C, L = 170yH, Rgg = 502, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


Package 


TO-204AE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


IPEAK = 40A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
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IRF150, IRF151, IRF152, IRF153 IRF150R, IRF151R, IRF152R, IRF153R 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | Vas = OV, Ip = 250A 
IRF150/152, IRF150R/152R 


IRF151/153, IRF151R/153R | 60 | - | - J vi 4 
[GateThresholdVoltage___—_—'| VasqTH) |Yos=Vas.'p=250A—SC=C*=‘“dLS 2 | = CYT tO | CV C' 
[Gate-SourceLeakageForward | Igss |Vas=20VSSSS™C~—CST SS dT ~dY «CTO CsA 


Zero Gate Voltage Drain Current Vps = Max Rating, Vag = OV i ae 
Vps = Max Rating x 0.8, Ves = OV, 1000 pA 
Ty = +1259C 
ID(ON) | YDS > !D(ON) X (DS(ON) Max: VGs = 10V Pe ee 
'DS(ON) | VGS = 10V, Ip = 20A 


Input Capacitance Vas = OV, Vps = 25V, f = 1.0MHz 
Output Capacitance See Figure 10 

Reverse Transfer Capacitance 
Turn-On Delay Time | taONn) | Vop = 24V, Ip = 20A, Zg = 4.72 
Set reer earthy 

. are essentially independent of operating 

Turn-Off Delay Time td(OFF)_| temperature) 

Fall Time } 


On-State Drain Current (Note 2) 
IRF150/151, IRF150R/151R 


IRF152/153, IRF152R/153R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF150/151, IRF150R/151R 


IRF152/153, IRF152R/153R 


Total Gate Charge Vas = 10V, Ip = 50A, Vps = 0.8 Max 63 120 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge Ges. (Gate charge is essentially independent of nC 


operating temperature.) 


Poa 
ae 
aa 
a 
eae! 
Lee) 
Lider) 
| Ee 

Measured between Modified MOSFET 

the contact screw on | symbol showing the 

header thatis closer | internal device 

to source and gate inductances. 

pins and center of ~ 

center of die. 
ane ead 
ae 


3 


=) J 


Gate-Drain (“Miller”) Charge | Qga | 
L 


Internal Drain Inductance 


Internal Source Inductance 


Ls Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Junction-to-Case Rec OC/wW 
Recs | Mounting surface flat, smooth and greased OC/w 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Ty = +25°G, Is = 40A, Vag = OV 
Reverse Recovery Time | tre =| Ty = +1500C, IF = 40A, dig/dt = 100A/us 
Reverse Recovered Charge | Qrr_ | Ty=+259C, Ip = 5.5A, dip/dt = 100A/us 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 10V, Start Ty = +259C, L = 170pH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal _ Res = 500, IpEAK = 40A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


Zthuc(t)/Ringc. NORMALIZED EFFECTIVE TRANSIENT 


- THERMAL IMPEDANCE (PER UNIT) 


IRF150, IRF1517, IRF152, IRF153 IRF150R, IRF151R, IRF152R, IRF153R 


50 


10V fv | | 80 us PULSE TEST Eh 


- 40 


Vgs = 8V 
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Vps, DRAIN-TO-SQURCE VOLTAGE (VOLTS) © Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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Vpg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vpg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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3. Tym - Te = Pom Zinc). 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF150, IRF151, IRF152, IRF153 IRF150R, IRF1517R, IRF152R, IRF153R 
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gts. TRANSCONDUCTANCE (SIEMENS) 
Ion. REVERSE ORAIN CURRENT (AMPERES) 


0 10 20 30 40 50 


Ip. ORAIN CURRENT (AMPERES) Vsp. SOURCE TO DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


ROS (on). ORAIN-TO SOURCE ON RESISTANCE 
(NORMALIZED) 
N-CHANNEL 
POWER MOSFETs 


BV pss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 0 40 80 120 160 ; -40 0 40 80 120 
Ty, JUNCTION TEMPERATURE 1°C) Ty, JUNCTION TEMPERATURE (°C) | 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


C, CAPACITANCE (pF) 
Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 18 


0 10 20 30 40 50 0 28 56 84 112 140 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF150, IRF151, IRF152, IRF153_ IRF150R, IRF151R, IRF152R, IRF153R 
NER 
[anes 


IRF150, 151 


IRF15OR, 151R 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 ws QURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 ys PULSE 1S MINIMAL} 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip. ORAIN CURRENT (AMPERES) 
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mal 


25 50 75 100 125 150 
Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK 1, 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Res 


Vpp 
Ves = 10V , Vas= 10V 
tp GS tp 
| + 7 ad 
Ey, = 0.5BVpssg Ec= 0.75 BYpss 1. 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 
+ Vos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V 10.2 AS DUT 
V BATTERY |'}LF 
fe fe 
ADJUST Ri. TO OBTAIN RL 
SPECIFIED Ip . 
Vos 
Vas 
pee een eee 
PULSE DUT 
GENERATOR | A 
108% SOURCE 1.5m 
IMPEDANCE | 0 ae | -Vps 
at dels ie ae Ig CURRENT —L— Ip CURRENT 
a —— SAMPLING RESISTOR ™ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

e¢ 4.0A and 5.0A, 150V - 200V 

° 'DS(on) = 9.82 and 1.20 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The IRF220, IRF221, IRF222, and IRF223 are n-channel 


IRF220, IRF221 
IRF222, IRF223 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 


enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 


package. 


SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


Drain-Source Voltage (1) ........ cece cece cece eens Vos 
Drain-Gate Voltage (RGs = 20kK2) (1). ...........08 8 VDGR 
Continuous Drain Current 
WG HAO css os Gee ceel sewed Costeay diate ea nwas Ip 
TESOL C ions osciwiet oaetisidila das eee ee ee y heres Ip 
Pulsed Drain Current (S) ovis sea sues ve See sete cei IDM 
Gate-Source Voltage ...... cece cece cece cece eee Vas 


Maximum Power Dissipation 
To = +259C (See Figure 14) ........ 2. cece cence eee Pp 
Linear Derating Factor (See Figure 14) 


Inductive Current, Clamped ............ ccc eee eee eee eee ILM 
(See Figures 14 and 15, L = 100yH) 
Operating and Storage Junction ..............506- Ty, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ............... TL 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +150°C. 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 


IRF220 


200 
200 


5.0 
3.0 
20 

+20 
40 
0.32 
20 

-50 to +150 


300 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 
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IRF221 


150 
150 


5.0 

3.0 

20 
+20 


40 
0.32 
20 
-50 to +150 


300 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


TO-204AA 
BOTTOM VIEW 


DRAIN 
ra (FLANGE) 


Paka 
= © 
<= 
off 

G =z 

a. 

S 

IRF222 IRF223 UNITS 
200 150 V 
200 150 V 
4.0 4.0 A 
25 25 A 
16 16 A 
+20 +20 V 
40 40 W 

0.32 0.32 W/°C 
16 16 A 
-50to+150 -50to+150 OC 
300 300 oc 

File Number 1567.1 


‘Specifications IRF220, IRF221, IRF222, IRF223 


Electrical Characteristics @Tc = 25°C (Unless Otherwise Specified) | 
| Parameter | Type | Min. | Typ. | Max. | Units | TestConditions 


BVpss_ Drain - Source Breakdown Voltage 


Ip = 250pA 


Wasim Gate Threshold vonage ———~|~aut_| 20 | ~ | 40 | v | vps = Vag. ip = 250nA 
iggs _Gate-Source Leakage Forward | aut | - | — | 100| nA | Vos-20V. SCS 
igs5 Gate Source Leakage Reverse [ alt_[ - | - [-100| a | Ves=20v_ SSCS 
ML bom =| 280 [nA] Vg = Max Roting, Vag = OV 
[== F000 [a 


Vos = Max. Rating x 0.8, Veg = OV, Te = 125°C 
ID(on) | On-State Drain Current @ Ey Es ie es 


Vos ? 'pion) * Boston) max.: Ves ™ 10V 


Os Forward Transconductance @) 


Ciss Input Capacitance ALL 
ALL 
Crss Reverse Transfer Capacitance ALL 
td{on)  Turn-On Delay Time ALL 
ALL 
taioft) | Turn-Off Delay Time ALL 
ts Fall Time ALL 


Qg Total Gate Charge ALL 
(Gate-Source Plus Gate-Drain) 


Qgs Gate-Source Charge ALL 


Qgg Gate-Drain (‘’Miller’’) Charge L 
ALL 


Rpsion) Static Orain-SourceAn-State 
Resistance 


Vos ? 'pion) * Boston) max.’ 'p = 2-54 


Ve6s = OV. Vos = 25V, f = 1.0 MHz 
See Fig. 10 


pfs 
n 


Vop =x 0.5 BVoss- Ip = 2.5A, Zo = 500 
See Fig. 17 


(MOSFET switching times are essentially 
independent of operating temperature.) 


Veg = 10V, Ip = 6.0A, Vig = 0.8 Max. Rating. 
See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


2 
io) 


nc 


> 
= 


= 
- 


=] 
oO 


Measured between Modified MOSFET 
the contact screw on symbol showing the 
header that is closer to internal device 

source and gate pins inductances. 
and center of die. D 


Measured from the 
source pin, 6mm 
(0.25 in.) from header 
and source bonding 
pad. 


Lo Internal Drain Inductance 


ls Internal Source Inductance ALL 


Thermal Resistance 


[Rinse vurctiontoCese—S=Ss=—‘idCAC*dSCSCS ~CdT Je | cw 
Anes Cese-to-Sink _—S~S~s Ct | | 01 | — | c/w _| Mounting surface fat, emooth, and greased, 
RinJaJunetionto-Ambient____——+| _Aut_| — | ~ | 30 | “C/W | Free Air Operation 


Source-Drain Diode Ratings and Characteristics 


Continuous Source Current 

(Body Diode) 
IRF222 
IRF223 


IRF220 

finezan | 
ee 
ae 


ter Reverse Recovery Time 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Pulse Source Current 
(Body Diode) @ 


Diode Forward Voltage @ To = 25°C, Is = 5.0A, Ves = OV 


Ty = 150°C, Ip = 5.0A, di-/dt = 100A/us 
Ty = 150°C, Ip = 5.0A, dip/dt = 100A/us 


intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


fee 
ae a 
fea se 
en en eae 
Leo) 
ea LS 
a 
Eee 


Qra Reverse Recovered Charge 
ton Forward Turn-on Time 


OT J = 25°C to 150°C. @pPulse Test: Pulse width < 300us, Duty Cycle < 2%. @ Repetitive Rating: Pulse width limited 
by max. junction temperature. 
See Transient Thermal Impedance Curve (Fig. 5). 
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Zthuclt)/Pnjc. NORMALIZED EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


Ip, DRAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


IRF220, IRF221, IRF222, IRF223 


ee 80 us PULSE TEST 


1p. DRAIN CURRENT (AMPERES) 


0 20 40 6U i —I 
Vos. ORAIN-TO SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOUKCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


PERATION IN THIS 
REA IS LIMITED 


Y¥ Ros(on) 


p pb | 


COGN ANGTGD se «40° .& W! & Guepemamasese 


TT aS 


Ip. QRAIN CURRENT (AMPERES) 


Te = 26°C 
Ty = 150°C MAX. 


Sater ett 


Sil 
N 
= 
as 
os 
an 
rT 
i 
ALL 
aI 
b 
Sas 
os 
Al | 
a. A 
cS 
TN 


noo Ft ptt A rt te y. 
SS 260 6207 Ger ws CEE? 26 ct 


Vos: ORAINTO: SOURCE VOLTAGE tVOETS) Vps. OKAIN-TO-SQURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


== 
—— 
-—— 
= 
t— 
po 
-_- 
eo 
[a 


1. DUTY FACTOR, 0 = at 


—@ 
SINGLE PULSE (TRANSIENT aa 
THERMAL IMPEDANCE) 


—— 
me 
mt 


3. Tym - Te = Pom Ztnyclt). 


ty, SQUARE WAVE PULSE DURATION (SECONDS) | 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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2. PER UNIT BASE = Rinyc = 3.12 DEG. CW. 


N-CHANNEL 
POWER MOSFETs 


IRF220, IRF221, IRF222, IRF223 


JZ eas aa SSS a 
mee fee 
yea i 4] ae i a ed 

Se 2 ee 
Aes rac 
0 1 2 3 4 


Ip, ORAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


“yg, TRANSCONDUCTANCE (SIEMENS) 


Ip. REVERSE DRAIN CURRENT (AMPERES) 


Vos > 'p(on) * RoS(on) max. 
80 ys PULSE TEST 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


0.85 


Rps(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, ORAIN TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


eee sees 
40 80 


-40 0 120 160 120 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Ye | | | 


Epee” 4eEe 


C, CAPACITANCE (pt) 
Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip = 6A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


0 10 20 30 40 50 0 4 8 V2 16 20 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF220, IRF2217, IRF222, IRF223 


_ 
wm 


~ 
i=) 


ead 
wn 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL} 


- Rosjon): ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


15 
1p, ORAIN CURRENT (AMPERES) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 


Pp. POWER DISSIPATION (WATTS) 


Ip, DRAIN CURRENT (AMPERES) 


20 150 


Tc, CASE TEMPERATURE (°C) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 


N-CHANNEL 
POWER MOSFETs 


80 100 120140 


Tc. CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 


VARY t, TO OBTAIN 
REQUIRED PEAK 1, 


one 
Vgs *20V F—'p 


Fig. 15 — Clamped Inductive Test Circuit 


OuT 


Ny 


ADJUST By Ey 
TO OBTAIN 
RL 


SPECIFIED tp 


PULSE 
GENERATOR 
r 


TO SCOPE 


| 

| 0.0182 
| HIGH FREQUENCY 
L SHUNT | 


Fig. 17 — Switching Time Test Circuit 


E, = 0.5BVoss 
Vc = 0.75BVoss 


Fig. 16 — Clamped Inductive Waveforms 


Vos 
(ISOLATED 
SUPPLY) 


CURRENT 
REGULATOR 


SAME TYPE 
AS OUT 


12V 


T 
paTteny | °2H! 


pe 


Ig 
CURRENT = CURRENT 
SHUNT SHUNT 


Fig. 18 — Gate Charge Test Circuit 
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HARRIS  j|—___IRF230/231/232/233 
IRF230R/231R/232R/233R 


N-Channel Power MOSFETs 
August 1991 | | | Avalanche Energy Rated* 


Features Package 
e 8.0A and 9.0A, 150V - 200V | 
° rps(on) = 0.4 and 0.6 


TO-204AA 


DRAIN 


¢ Single Pulse Avalanche Energy Rated* SOURCE WY (FLANGE) 
e SOA is Power-Dissipation Limited *O- 
e Nanosecond Switching Speeds O 4 O 
® Linear Transfer Characteristics 
GATE 
© High Input Impedance 
Description 
The IRF230, IRF231, IRF232, and IRF233 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF230R, IRF231R, IRF232R and IRF233R types are ad- N-CHANNEL ENHANCEMENT MODE 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown ava- D 
lanche mode of operation. All of these power MOSFETs are de- | 
~ signed for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and G 
low gate-drive power. These types can be operated directly 
from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel S 
package. | 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
IRF230 IRF231 IRF232 IRF233 
IRF230R IRF231R IRF232R IRF233R UNITS 
Drain-Source Voltage (1)... 2. ccc cece nce e cect enees Vos 200 150 200 150 V 
Drain-Gate Voltage (RGs = 20KQ)(1)......... cece eee VDGR 200 150 200 150 V 
Continuous Drain Current 
To =+259C ..... Sia D oi aed Sel dwis oa Deekee.Rewad Ip 9.0 9.0 8.0 8.0 A 
TG 1009 2a ia ices ewwse ed aoues eee eee ee Ip 6.0 6.0 5.0 5.0 A 
Pulsed Drain Current (3) ........... (cur eEoae cet aw ews IDM 36 36 32 32 A 
Gate-Source Voltage ....... cece cect eres ennnceeees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TG TOS G aioe aad Hawes oa Here Saeeee en Pp 75 75 75 75 WwW 
Linear Derating Factor.........cccce cee eeeeees Paieaeee a hates 0.6 0.6 0.6 0.6 W/9G 
Inductive Current, Clamped .......... cence cee ceseennes ILM 36 36 32 32 A 
(See Figure 14,L=1 OOnH) | 
Single Pulse Avalanche Energy Rating (4)...........e06- Eas* 150 150 150 150 mj 
Operating and Storage Junction ........ 00sec eees Ty TSTG —55to+150 -55to+150 -55to+150 -55to +150 oC 
Temperature Range ; 
Maximum Lead Temperature for Soldering ..........0+04- Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) . 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 20V, starting Ty = +25°C, L = 3.37mH, Res = 500, IpeaK = 9A. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 1 56 8.1 


Copyright © Harris Corporation 1991 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF2317R, IRF232R, IRF233R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| VGs=OV, Ip =-250nA 
IRF230/232, IRF230R/232R 


IRF231/233, IRF231R/233R 


Gaemwenaavousy—~wasqa | VesevaR bea | eo). olan 
ite saureotoeilaoa anemia” —— Nats [Vesa ae sf a 
[Gate-Sourco Leakage Reverse | Ios [Vas=-20V =] = | =10_[ “na 
Zero Gate Voltage Drain Current Vps = Max Rating, Ves = OV | = | - | 250 [ pA | 


Vps = Max Rating x 0.8, Ves = OV, 1000 yA 
Ty = +1250C 


On-State Drain Current (Note 2) 
IRF230/231, IRF230R/231R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF230/231, IRF230R/231R 


Vas = OV, Vos = 25V, f = 1.0MHz 
See Figure 10 


Turn-On Delay Time ne 
eee ne ee 

: . are essentially independent of operating 

Turn-Off Delay Time temperature) it en 


Vpp = 90V, Ip = 5.0A, Zo = 152 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (‘Miller’) Charge 


Vgs = 10V, Ip = 12A, Vps = 0.8V Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25") from header 
and source bonding 
pad. 


Internal Source Inductance 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient R@JA 


= 
12) 
Cc 
p=) 
=: 
5 
‘e} 
n 
Cc 
x 
—> 
je) 
QO 
i) 
— 
oo 
eng 
n 
= 
Oo 
ie) 
aS 
3 
it) 
S 
jor 
Q 
=a 
4] 
op 
na 
@ 
jek 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Pulse Source Current 
(Body Diode) (Note 3) 


an 


oy 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Vsp Ty = +259C, Ig = 9A, VGs = OV 
try | Ty = +1500G, Ip =9.0A, dif/dt = 100A/us 450 
Ty = +1509C, IF = 9.0A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 20V, Start Ty = +259C, L = 3.37mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpEaAK = 9A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) . 
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N-CHANNEL 
POWER MOSFETs 


IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 


Zthacl(t)/ Ringe. NORMALIZED EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


* Ip, ORAIN CURRENT (AMPERES) 


80 us PULSE TEST 


1p, ORAIN CURRENT (AMPERES) 


° 20 40 60 80 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 


Ip. ORAIN CURRENT (AMPERES) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 


ee 
ae =a | | 


(lil aoe - 
=p STS ea 


—_ 


ae 
= =: et ttt 
— ase: 5 cs ES SO OO 


8 

Ht SINGLE PULSE (TRANSIENT +H 
THERMAL IMPEDANCE) 4 
FEET 

0 


10-4 2 5 1 


10-2 


Ip. ORAIN CURRENT (AMPERES) 


80us PULSE TEST 
Vos > IDton) x Rosion) max. 


| | 
7 


“yee GATE-TO-SOURCE VOLTAGE ae 


Fig. 2 — Typical Transfer Characteristics 


OPERATION IN THIS 
AREAIS LIMITED 


ea. Coe ‘ios 
IRF232R, SRO TT tO 
Fire nS SHR 


4 
th 150°C MAX, 

Rihyc = 1.67°C/W w TOC oc Sn 
SINGLE PULSE meoaon oA 


ema ae 


0 2 5 


10 20 50 100 ° 200 
Vos. ORAIN-TO-SOQURCE VOLTAGE (VOLTS) 


500 


Fig. 4 — Maximum Safe Operating Area 


2 


1. DUTY FACTOR, 0 = iz 


2. PER UNIT BASE = Ringe = 1.67 DEG. C/W. 
3. Tym - Te = Pom 2thsclu. 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 


10 
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He 
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W/Z 

Ae Vos > 'p(on) * Rps(on) max. 

eee Wea 80 us PULSE TEST iz 
2 4 
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Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


1.25 


N-CHANNEL 
POWER MOSFETs 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


C, CAPACITANCE (pF) 
Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


”~ SEE FIGURE 18 
mea 
) 10 20 30 40 50 0 8 16 24 32 40 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ip. ORAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


E1 = O.5BVpss Ec= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


Vpp = 90V 
15.52 


PRF = 1kHz 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


Vo TO SCOPE 
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oo] 
Ves= 10V 
tp 


IRF230, IRF231 
IRF230R, IRF231R 


IRF232, IRF233 
IRF232R, IRF233R 


Ip, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN | 


REQUIRED PEAK I, Res 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
+ TYPE 
12V |0.2 AS DUT 
BATTERY | }4F 
on ae 


-Vps 
IG CURRENT —L. Ip CURRENT 
SHUNT — SHUNT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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May 1992 


Features 

e 8.1A and 6.5A, 275V - 250V 

® rps(on) = 0.452 and 0.680 

¢ Single Pulse Avalanche Energy Rated 

e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 

e 275V, 250V Rating - 120V AC Line System Operation 


Description 


The IRF234, IRF235, IRF236, and IRF237 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 


IRF234, IRF235 
IRF236, IRF237 


N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Package 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE a (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


= 


” 
— 
operation. These are n-channel enhancement-mode silicon Pieri 
gate power field-effect transistors designed for applications = o 
such as switching regulators, switching converters, motor driv- = = 
ers, relay drivers, and drivers for high-power bipolar switching @ ui 
transistors requiring high speed and low gate-drive power. G = S 
The IRF-types are supplied in the JEDEC TO-204AA steel 
package. 
S 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
IRF234 IRF235 IRF236 IRF237 UNITS 
Drain-Source Voltage (1) 2... . ce ccc ee ce eee ne eees Vps 250 250 275 212 V 
Drain-Gate Voltage (RGS = 20KQ) (1).... 2... cee eens VDGR 250 250 275 275 V 
Continuous Drain Current 
TG 24280 scree earner seta eet eats Ip 8.1 6.5 8.1 6.5 A 
POH POO ices casccu wie hese cences 2 hitelowesuacen ID 5.1 4.1 5.1 4.1 A 
Puisec Drain Current (3) sasicwectinewadsscetieetincaeideds IDM 32 26 32 26 A 
Gate=SOurce VONAGE: i aces igas sues bd eu ees alas laa decs Vas +20 +20 +20 +20 V 
Maximum Power Dissipation . 
NG S200 o¥ caw eareee cs cataee teeeaewe teens Teas Pp 75 75 19 75 W 
Linear Derating Factor........ccccccccrccccccccccsocucecs 0.6 0.6 0.6 0.6 W/9C 
Single Pulse Avalanche Energy Rating (4)...........000. Eas 180 180 180 180 mj 
Operating and Storage Junction ............00005- Ty TsTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +150°C. | 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling 
Copyright © Harris Corporation 1992 
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4. Vpp = 50V, starting Ty = +25°C, L = 4.5mH, Res = 250, IpeaK = 8.1A. 
See Figures 14 & 15. 


procedures should be followed. 


File Number 2208.2 


‘Specifications IRF234, IRF235, IRF236, IRF237 


Electrical Characteristics To = 259C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss | VGs= OV, Ip =-250nA [opel as Ne cae 
| 275 Vv 


IRF236, IRF237 


iRF294,IRF2S5 Ee a 
Vos = Vos 1p = 2500 20 [| -_| 40 | v_ 
[Gate-SourceLeakageFoward | lass [Ves=20V_——————S~d S| | 100 | a 
[Gate-Source Leakagefieverse | _Iggs_|Vas=20V____| =| - | -100 | _na_| 


Vps = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty =+1259C 


Vps > ID(ON) X DS(ON) Max VGs = 10V 


Zero Gate Voltage Drain Current 


1000 r 


> 


On-State Drain Current (Note 2) 
IRF234, IRF236 


IRF235, IRF237 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF234, IRF236 . 


VGs = 10V, Ip = 4.1A 
IRF235, IRF237 
| Sts 
| Coss _| 


ee] 
= 


ive) 


ed [e) 
ro) 


7] oa 
Cn 


=~ 
to 
2 
S 


Forward Transconductance (Note 2) Sts Vps =2XVeEs, Ip =4.1A 


Input Capacitance Vas = OV, Vps = 25V, f = 1.0MHz 

Output Capacitance : See Figure 10 

Reverse Transfer Capacitance p 

Turn-On Delay Time | ta(ON) | Vpp = 125V, Ip = 8.1A, Rg = 122 
LUGS ee | rg 8 CO ee inte 35 

are essentially independent of operating 
Turn-Off Delay Time td(OFF)_| temperature) 47 
Fail Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance Lp Measured between =| Modified MOSFET 
the contact screwon | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 5 


Ves = 10V, Ip = 8.1A, Vpsg = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


3 
Q 


3 
a 


pins and center of 
center of die. 


NOt a —=—f Go} ou 


= a o 
oD o 
ne = © 
pom | 
re) 


Measured from the 12.5 
source lead, 6mm 

(0.25”) from header 
and source bonding 


pad. 5S 


internal Source Inductance 


= 3 roe he) 
x (@) TNT 


Junction-to-Case Ne oC 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased °C 


Junction-to-Ambient ReJvA | Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET : D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


@ 


ro], 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Pulse Source Current 

(Body Diode) (Note 3) 
Ty = +259C, Is =8.1A, Vag = OV po | 
Ty = +250C, Ie = 8.1A, dip/dt = 100A/ys | 92 | 


Ty = +259, Ip = 8.1A, dif/dt = 100A/us 0.63 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


= 
?) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 5OV, Start Ty = +25°C, L = 4.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, Ipeak = 8.1A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRF234, IRF235, IRF236, IRF237 
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Oo 25 50 75 ; 100 125 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vas; GATE-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44087 92GS-44088 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


a as [OPERATION IN THIS AREA LIMITED 


Es ae 
iRF234, IRF236,, BY Ros(on) w 
a bl pee ome Aol — be bem bt — Lr 
a IRF235, TT ea i io 
va = Wa =” 
wi a | oO 
Ww oO , <= 
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2 = ee co eff ST 1 
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va rea fom] 
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5 Oo 
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Z < 
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102 103 


92GS-44089 92GS-44090 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


THERMAL RESPONSE (2tnyc) 


1. DUTY FACTOR, D = ty/to 
2. PEAK Ty = Pom * 2Zthuc + Tc 


10 


ty, RECTANGULAR PULSE DURATION (SECONDS) 


92GS-44091 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF234, IRF235, IRF236, IRF237 


9fs, TRANSCONDUCTANCE (SIEMENS) 


Ip, DRAIN CURRENT (AMPERES) 
92GS-44092 


Fig. 6 - Typical transconductance vs. drain current. 


BVpss, DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (NORMALIZED) 


El ee eiaeeels 
Reeth eeeeee 


20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE (°C) 
92GS-44094 


Fig. 8 - Breakdown voltage vs. temperature. 


Vgs = 0 V, f= 1 MHz 

Ciss = Cgs + Cgq Cgg SHORTED 

Crss = Cgq 

Coss = Cds + Cgs Cgq/ (Cgs + Cga) 
=Cds + Cgg 


C, CAPACITANCE (pF) 


Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92GS-44096 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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92GS-44097 


Fig. 11 - Typical gate charge vs. gate-to-source voltaae. 


IRF234, IRF235, IRF236, IRF237 
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Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Figure 12. Typical On Resistance vs Drain Current Figure 13. Maximum Drain Current vs Case 
Temperature 
Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


ohe| 
Ves= 10V 
tp 


N-CHANNEL 
POWER MOSFETs 


Figure 14. Unclamped Energy Test Circuit Figure 15. Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR * SUPPLY) 
SAME 
_ TYPE 
12V |0.2 AS DUT 
BATTERY }LF 
oe ea 
Ves= 4 | DUT 
1.5mA 
PULSE WIDTH < 11S | 2 Lis Nes 
EUPEEAcion Ss 1s IG CURRENT —L- Ip CURRENT 
SHUNT ™~ SHUNT 


Figure16. Switching Time Test Circuit Figure 17. Gate Charge Test Circuit 
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Features 

¢ 16A and 18A, 200V, 150V 

® rps(on) = 0.182 and 0.220 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


IRF240/241/242/243 
IRF240R/241R/242R/243R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


TO-204AE 


DRAIN 
Pa (FLANGE) 


The IRF240, IRF241, IRF242, and IRF243 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF240R, IRF241R, IRF242R and IRF243R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high | G 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204AE steel s 


package. 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


IRF240 IRF241 ‘IRF242 IRF243 
IRF240R IRF241R IRF242R IRF243R UNITS 

Drain-Source Voltage (1) 2... .. cc cece et ee cee cee e ees Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kK2) (1)......... eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 

VS 429°C 5.2 eae ses acidaweoca siete aeen wae es Ip 18 18 16 16 A 

TES 41009 ia ce ascoetmietandetodwarmaGnGiets Ip 11 11 10 10 A 
Pulsed Drain Current (3) ........ 0. c cece ccc ecenccceees IDM 72 72 64 64 A 
Gate-Source Voltage sss ices civ teiweieweedasiecs des Ves +20 +20 +20 +20 V 
Maximum Power Dissipation | 

TE 42596: Bicod icin dese tue tie eke Coarse eaenn Pp 125 125 125 125 W. 
Linear Derating Factor......... ccc cc cece cccecccenececeens 1.0 1.0 1.0 1.0 W/°G 
Inductive Current, Clamped ......... ccc cence eceeeees ILM 72 72 64 — 64 A 

(See Figure 14, L = 100pH) 
Single Pulse Avalanche Energy Rating (4)...........008. Eas* 580 580 * §80 580 mij 
Operating and Storage Junction .........eeee cence Ty, TSTG ~55to+150 -S5to+150 -55to+150 -55to+150 od @) 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 0G 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 5 84.1 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF2417R, [RF242R, IRF243R 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA [een los ie ee 


IRF240/242, IRF240R/242R V 


IRF241/243, IRF241R/243R | 150 | - | - | 
[Gate ThresholdVoltage ____—'([VGscm [Vps=VasIp=2500A_—SSSC~=~iE=C S| SST SOT 


Gate-Source Leakage Forward lass |Vq@g=20V | = | = | 100 | nA | 
Gate-Source Leakage Reverse lass. | Vqg=-20V | = | = | -100 | nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Ves = OV | = | = {[ 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
Ty = +1259C 


Pe ae ee eee 


On-State Drain Current (Note 2) 
IRF240/241, IRF240R/241R 


IRF242/243, IRF242R/243R 


Static Drain-Source On-State 'DS(ON) 
Resistance (Note 2) 
IRF240/241, IRF240R/241R 


IRF242/243, IRF242R/243R 
Forward Transconductance (Note 2) 
Input Capacitance 
Output Capacitance 
Reverse Transfer Capacitance 
Turn-On Delay Time 
Rise Time 
Turn-Off Delay Time 
Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


ID(ON) 


VGs = 10V, Ip = 10A 


io) 


— aah 

> ° we) bp] Oo rm} =15 nN : 
= oh “ oO} —- 1S N 
oO 


14 


Ots Vps > ID(ON) x 1pS(ON)Max: ID = 10A 
Ciss |VGS=OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


Vpp = 100V, Ip = 18A, Rg = 9.12 


See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


N 


@) 


Vgs = 10V, Ip = 18A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


O 


o) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


a 
oO 


» D 


oS 
anh 
© 
“”) 
3/3 5 TIC IlTi=z 


‘ 


2|z =| IQS 
on (= (és) OQ FO ~” 
~a1O = ole 


Internal Source Inductance 


oS 
Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Mounting surface flat, smooth and greased 


Raja | Free air operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Ig = 18A, Vag = OV 
Reverse Recovery Time trr Ty = +1509C, Ip = 18A, di¢/dt = 100A/ps 


Continuous Source Current 
(Body Diode) 

Pulse Source Current 
(Body Diode) (Note 3) 


Reverse Recovered Charge Ty = +1509C, Ip = 18A, dif/dt = 100A/p"s 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


> 
NI 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 2.7mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 25Q, IpeaAK = 18A (See Figure 15) 


Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF240, IRF241, IRF242, IRF243 IRF240R, IRF2417R, IRF242R, IRF243R 


tf 80 pis PULSE TEST 


Dd WwW 

ec 
: i Ca el : 
= (Seas aes a = 
_ = 
(a [oa 
i. a 
3 Peas 3 
z 16 SES SST ER RE = 
S ie ea es ia : 
c ec 
i=) i=) 

se He a 7 ’ 


0 10 20 30 50 0 10 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) - GATE-TO- Si RCE eee igs 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
100 = — 
pier 16 aa RATION IN THIS AREA IS LIMITEOFT 
PIRF22R, oR 3h ate Start wees as 
/) NY a5 aie 
a cieanee CHS mo on 
TAIN a 
2p | IRF240R, 1Ry pill N 


ata 


Ip. ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


fo} Ro 
in 
aa 
Pd 
Ben 
came 
as = 
i 
: 2 


Te? aa 
05 TF Ty = 150°C MAX 


SINGLE PULSE 


0.2 
rr Oe a 
1.0 2 5 10 20 50 =6.100~=3—s 200 500 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. ORAIN-TO SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


a 
poe | SINGLE PULSE (TRANSIENT 1 puTy FACTOR p= 
r | {| THERMAL IMPEDANCE) , ; 12 


THERMAL IMPEDANCE (PER UNIT) 


2. PER UNIT BASE = Rinyc = 1.0 DEG C/W. 


3. Tym - Te = Pon 2 (t) 
Se a 1 a ee, 


2 5 10-3 2 5 10-2 2 5 10°! 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Ztngc(t)/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 


=a 

Sew 

Bai eS Meat me ie 
mm 

4 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF24 1K, IRF242R, IRF243R 


Of, TRANSCONOUCTANCE (SIEMENS) 
lpn. REVERSE ORAIN CURRENT (AMPERES) 


0 8 16 24 32 40 
Ip, ORAIN CURRENT (AMPERES) Vsp. SOURCE-TO-DORAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


N-CHANNEL 
POWER MOSFETs 


Vgg 2 10V 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 

Rps(on). ORAIN-TO-SOURCE ON-STATE RESISTANCE 
(NORMALIZED) 


cece eee 
Hee cl ede eg ie Me 
40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Cigg a Cos + Cog, Cas SHORTED 
Cru * Cog _Vgs ° OV 


Cos Cog 
Cons * Cas * roe 94 


mC gy Coy 


C, CAPACITANCE (pF) 


Veg: GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIACUIT 


SEE FIGURE 16 


0 
0 ) 10 16 20 26 30 38 40 45 §&0 0 12 24 36 48 60 
Vog, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHAAGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 


4-207 


IRF240, IRF241, IRF242, IRF243 IRF240R, IRF241R, IRF242R, IRF243R 


Fae a ee 


° 
w 


Palle dL TO J ressraee 
~ a i IRF241R 
REE IRF242, aS 


IRF242R, IRF243R Ne 
ze \ 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip. ORAIN CURRENT (AMPERES) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


0 20 40 60 80 100 25 50 75 100 125 150 
Ip, ORAIN CURRENT (AMPERES) Tp, CASE TEMPERATURE (YC) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
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7 DUT, 
VARY tp TO OBTAIN 
REQUIRED PEAK I. 
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Vas= 10V<— 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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REGULATOR 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT | FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

© 14A and 13A, 275V - 250V 

* rDS(on) = 0.282 and 0.3402 

¢ Single Pulse Avalanche Energy Rated 
¢ SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

¢ Linear Transfer Characteristics 


¢ High Input Impedance 


IRF244, IRF245 
IRF246, IRF247 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


Package 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


e 275, 250V DC Rated - 120V AC Line System Operation 


Description 


The IRF244, IRF245, IRF246, and IRF247 are advanced power N-CHANNEL ENHANCEMENT MODE 
MOSFETs designed, tested, and guaranteed to withstand a 

specified level of energy in the breakdown avalanche mode of D 

operation. These are n-channel enhancement-mode silicon 

gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor driv- 

ers, relay drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. G 

These types can be operated directly from integrated circuits. 


Terminal Diagram 


N-CHANNEL 
POWER MOSFETs 


The IRF types are supplied in the JEDEC TO-204AA steel 


package. 


Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 


Drain-Source Voltage (1) ...... cece eee te ee ere ce eees Vos 
Drain-Gate Voltage (RG@sS = 20K2) (1)... 2. . ee eee ee ees VDGR 
Continuous Drain Current 
VG = 20° Cas resign iabe seaea sire ea raieta cone es 
TG 41000 icc woaky ace decrees sabe eaaaaeneeetoeet 
Pulsed Drain Current (3) 2.0... cece cc ccc ce eee eens IDM 
Gate-Source Voltage ......ccccscccccnccsccesccceens Vas 


Maximum Power Dissipation 


hE hte i OR ee eee eran eee 
Linear Derating Factor. iiss side on aes Wa eiawi sie cece 
Single Pulse Avalanche Energy Rating (4)...........006- Eas 
Operating and Storage Junction ..............008. Ty, ISTG 
Temperature Range 


Maximum Lead Temperature for Soldering............... 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


Ss 

IRF244 IRF245 IRF246 IRF247 UNITS 
250 250 275 275 V 
250 250 275 275 V 
14 13 14 13 A 
8.8 8.0. 8.8 8.0 A 
56 52 56 52 A 
+20 +20 +20 +20 V 
125 125 125 125 Ww 

1.0 1.0 1.0 1.0 W/°C 
550 550 550 550 mJ 
-55to+150 -55to+150 -55to+150 -55to+150 OC 
300 300 300 300 OC 


4. Vpp = 50V, Starting Ty = +25°C, L = 4.5mH, Rg = 25N, Peak | = 14A 
(See Figures 14 & 15). 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2209.1 
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Specifications IRF244, IRF245, 1RF246, IRF247 


Electrical Characteristics To = +25°9C, Unless Otherwise Specified 


LIMITS 
_ CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage | BVpss | VGs=OV, Ip = 250yA 
IRF244, 1RF245 


IRF246, IRF247 Pers [| - | - | v_ 
Gate Threshold Voltage V@s(TH) | VoS=VGs; Ip = 250nA | 20 | - | 40 | vi | 
Gate-Source Leakage Forward less |VGs=20V Fo - {| = | 100 | nA | 
Gate-Source Leakage Reverse less |VGsg=20V | = | = | -100 | nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV | = J - | 250 | pA | 

Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty=+1259°C 
On-State Drain Current (Note 2) ID(ON) | VDS> ID(ON) X "DS(ON) Max: V@s = 10V 
IRF244, IRF246 14 A 
TRF245, IRFO47 a a a 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 8A 
Resistance (Note 2) 
IRF244, IRF246 ‘@) 
TRF 24S, IRF247 _ [= Treas [ose [9 
Forward Transconductance (Note 2) Vps > 50V, Ip = 8A | 67 | 10 | - | SB) 
Input Capacitance Ciss | Vas = OV, Vps = 25V, f = 1.0MHz | = | 1300 {| - | pF | 
Output Capacitance Goss _| See Figure 10 [= [820 [=| oF _ 
Reverse Transfer Capacitance Crss | - | 69 | - | pF | 
Turn-On Delay Time ta(ON) | VoD = 125V, Ip = 14A, Rg = 9.19 | - {| 16 | 24 | ns | 
Rise Ti t See Figure 16.(MOSFET switching times 67 100 

ae eccoatalivindesengentefeperting. "Sess Oh 100 te 
Turn-Off Delay Time tg(OFF)_| temperature) a ee 
Fall Time 4 pe A | 8 
Total Gate Charge VG6s = 10V, Ip = 14A, Vps =0.8 Max 39 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


(Gate charge is essentially independent of 


Gate-Source Charge ; 
operating temperature.) 


Gate-Drain (‘Miller’) Charge 
internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
source lead, 

6mm (0.25 in.) 
from package 

to center of 

die. 
Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


oD 


Internal Source Inductance 


- 
1¢3) 


oS 


Junction-to-Case eg eee ee 
Case-to-Sink s ___| Mounting surface flat, smooth and greased 


22 | 5 
Q 


Source Drain Diode Ratings and Characteristics | 


Continuous Source Current Modified MOSFET D 
(Body Diode) . symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) | P-N junc. rectifier. G 
iS 


BSS 


© 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Ig = 14A, Vag = OV 
Reverse Recovery Time ter Ty = +259C, Ip = 14A, dif/dt = 100A/ps 


15 


“J 
i) 


oh ak 
. . 


Ty = +2596, Ir = 14A, dif/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


Reverse Recovered Charge 


Forward Turn-on Time 


= 
©) 


co] © 


par 
Oo) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by 4. Vop = SOV, Starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, maximum junction temperature. See Transient L = 4.5mH, Rg = 25N, Peak IL = 14A 
Duty Cycle < 2%. Thermal Impedance Curve (Figure 5). (See Figures 14 & 15). 
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IRF244, IRF245, IRF246, IRF247 
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ip, DRAIN CURRENT (AMPERES) 


.e) 25 50 75 100 125 
Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44104 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44105 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


N-CHANNEL 
POWER MOSFETs 


ane: t——_ pe <4 ana ms8: Gee 
IRF 247° i ZN 
! 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Pa] 
Ty = 150°C Y 
SINGLE PULSE mn Bi IRF247 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44106 92GS-44107 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


SINGLE PULSE 


NOTES: 
1. DUTY FACTOR, D = t4/ta 


= =a Sa ae 2. PEAK Ty = Pom x Zthuc + Tc 


EH Eh 
10-5 104 10-3 10-2 0.1 1 10 
ty. RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (2thyc) 


= 
——— HERMAL RESPONSE) 
a 
PT 


92GS-44108 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF244, IRF245, IRF246, IRF247 
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(SauadWv) LNSYHND NIVYO 3SYSA3u say 
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vy) 
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77) 
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15| vVpg > 50V 


(SN3W3IS) SODNVLONGNODSNVYL ‘536 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92GS-44110 


92GS-44109 


Ip, DRAIN CURRENT (AMPERES) 


Fig. 7 - Typical source-drain diode forward voltage. 


Fig. 6 - Typical transconductance vs. drain current. 


Pea eeee: 
° 
BERRIES ES 

~ © 
Siac sasas 


100 120 140 160 


Ty, JUNCTION TEMPERATURE (°C) 


COCE TTT 
PEPPY f 


(dae eWUGK 


JONVLSISSY NO 3DYNOS-OL-Nivua ‘(UO)Sdy 


100 120 140 160 


60 80 


Ty; iOREHON aati (°C) 


EH 
POE 


(Q3ZINWAHYON) 3DVLIOA NMOGNV3HaE 
BO0uNOS-OL-NIvHa ‘SSdag 


92GS-44111 


92GS-44094 


Fig. 9 - Normalized on-resistance vs. temperature. 


Fig. 8 - Breakdown voltage vs. temperature. 
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(3d) JONVLIDVdVO ‘D 


Vos: DRAIN-TO-SOURCE VOLTAGE votre 


Qg, TOTAL GATE CHARGE (nC) 


92GS-44113 


92GS-44112 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


Fig. 10- Typical capacitance vs. drain-to-source voltage. 
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IRF244, IRF245, IRF246, IRF247 
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Ww 
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Rpsjon), ORAIN-TO-SOURCE ON RESISTANCE 


EERE E/ Ae 
sleds ee gel. 
SERRE) ene 


Ip, DRAIN CURRENT (AMPERES) 


92GS-44114 


Figure 12. Typical On Resistance vs Drain Current Figure 13. Maximum Drain Current vs Case 
Temperature 


Yps 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


woh 
Vesg= 10V , 
tp 


Figure 14. Unclamped Energy Test Circuit Figure 15. Unclamped Energy Waveforms 


N-CHANNEL 
POWER MOSFETs 


+Vpos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 


12V |0.2 
R BATTERY | }4F 
D | 


| Rg + 
Ves= ty | ~ Vpp 
PULSE WIDTH < 11S : | = | } 1.5mA 


DUTY FACTOR < 0.1% -Vps 
Iq CURRENT —LK Ip CURRENT 
= SHUNT ™~ SHUNT 
Figure16. Switching Time Test Circuit Figure 17. Gate Charge Test Circuit 
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~ IRF250/251/252/253 
IRF250R/251R/252R/253R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

e 25A and 30A, 150V - 200V 

* rpS(on) = 0.0852. and 0.1200 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF250, IRF251, IRF252, and IRF253 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF250R, IRF251R, IRF252R, and IRF253R types are 
advanced power MOSFETs designed, tested, and guaranteed 


Package 
TO-204AE 
BOTTOM VIEW 


DRAIN 
(FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AE steel Ss 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF250 IRF251 IRF252 IRF253 
IRF250R IRF251R IRF252R IRF253R UNITS 
Drain-Source Voltage (1) ...... ccc e eee e nce e et ceeeeees Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20K) (1)........ cee wees VDGR 200 150 200 150 V 
Continuous Drain Current 
TG F250G on ectna Maa ee raseeet sade daeteieeoes Ip 30 30 25 25 A 
TG F10C°G ok oh witwocand tuess Rei veniiweens eee Ip 19 19 16 16 A 
Pulsed Drain Current (3) ....... cece ence ccc reencecees IDM 120 120 100 100 A 
Gate-Source Voltage .....,.cccceccccrccecccsscvcoes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation .........0.ccccccccccvacee Pp 150 150 150 150 W 
Linear Derating Factor......... ccc cece cece cece ee eeeeencs 1.2 1.2 1.2 1.2 W/°C 
Inductive Current, Clamped ........ cece cee ee ceeeecnens ILM 120 120 100 100 A 
(See Figure 14, L = 100y1H) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 910 © 910 910 910 mJ 
Operating and Storage Junction .............-..00- Ty TsTG ~SSto+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............56- TL 300 - 300 300 300 sd @ 
(0.063” (1.6mm) from case for 10s) 
NOTES: | 
1. Ty = +25°C to +1500C. 4. Vpp = 50V, starting Ty = +25°C, L = 1.5mH, Reg = 252, 
2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. PEAK = Soe Seer gue tS: 
3. Repetitive Rating: Pulse width limited by max junction temp. See | 
Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 8 9 5.1 
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IRF250, IRF2517, IRF252, IRF253 IRF250R, IRF2517R, IRF252R, IRF253R 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250A 
IRF250/252, IRF250R/252R 


IRF251/253, IRF251R/253R | 150 | - | - fv 
[Gate ThresholdVoltage [Vasc |Vos=Vas'p=25a CdS S| S- d| 4 OT CC 


fe 


Gate-Source Leakage Forward lass |VGg=20V | = | - | 100 | nA | 
Gate-Source Leakage Reverse Iess_ | Vqs=-20V | - [ -  { -100 | nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Veg = OV | = | - {| 250 [ pA | 
Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
Ty = +12509C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max: VGs = 10V 
IRF250/251, IRF250R/251R 30 A 
IRF252/253, IRF252R/253R ae ee eae ae 
Static Drain-Source On-State 'DS(ON) | VGs = 10V, Ip = 16A 
Resistance (Note 2) 
IRF250/251, IRF250R/251R 0.07 0.085 co) 
IRF252/253, IRF252R/253R | = | 0.09 | 0.120 
| Forward Transconduciance (Note 2) | dfs __ | VS > SOV, Ip = 16A | 13 | 19 {| - | SU) 
Input Capacitance Ciss_ | Vas = OV, Vps = 25V, f = 1.0MHz | - | 2000 | - | pF | 
Output Capacitance Goss_| Se Figure 10 ee ee 
Reverse Transfer Capacitance Crss | - | 300 | - | pF | 
Turn-On Delay Time Vop = 100V, Ip = S0A, Rg = 6.20 [=| 20 [| 30 | ns_| 
Rise Time t See Figure 16. (MOSFET switching times 120 180 
Se csscniciiy wdenendedictacerdiing © pcoa ee Se TBO. Tee 
Turn-Off Delay Time td(OFF temperature) | 70 | 100 | ns | 
Fall Time | 80 | 120 | ns 
Total Gate Charge Vgs = 10V, Ip = 30A, Vps = 0.8 Max 79 120 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
= h s (Gate charge is essentially independent of 1 
Gate-Drain ("Miller") Charge | Qua | ee 
Internal Drain Inductance Lp Measured between | Modified MOSFET nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center of 
center of die. 
Internal Source Inductance Ls Measured from the : nH 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. ss 
NC as_| 
O 


Recs Mounting surface flat, smooth and greased 
RaJA Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Modified MOSFET D 
symbol showing the 
Pulse Source Current Is __| integral reverse 120 A 
(Body Diode) (Note 3) P-N junc. rectifier. G | 
Ss 
Diode Forward Voltage (Note 2) Ty = +25°C, Ig = 30A, Vag = OV | 20 | vi 
Reverse Recovery Time Ty = +2596, Ir = 30A, di/dt = 100A/us 14 350 630 | ns | 
Reverse Recovered Charge | QrarR_ | Ty=+25°C, Ip = 30A, dip/dt = 100A/us 
Forward Turn-on Time ton Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 50V, Start Ty = +259C, L = 1.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 259, IpeaKx = 30A (See Figure 15) 
Duty Cycle < 2% impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF250, IRF251, IRF252, IRF253 IRF250OR, IRF25 1R, IRF252R, IRF253R 
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FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION 
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IRF250, IRF2517, IRF252, IRF253 IRF250R, IRF251R, IRF252R, IRF253R 


Vos 2 Sod 


Bups PULS< TEST 


TRANSCONDUCTANCE (SIEMENS) 


Ges: 
Ipq REVERSE DAAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) Vgp, SOQURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


ON RESISTANCE 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs © 
TEMPERATURE 
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> FOR TEST CIRCUIT 

ae : SEE FIGURE 16 
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| Vpg DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF250, IRF251, IRF252, IRF253 


ORAIN-TO-SOURCE ON RESISTANCE 


Ros (on): 


“0 — 25 50 75 190 125 


Ip. ORAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


tp . 


I 


E;, = 0.5BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


Ves = 10V | | | 


PULSE WIDTH < 1 ys 
DUTY FACTOR <0 1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


IRF250R, IRF251R, IRF252R, IRF253R 
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IRF250R, 251R 
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IRF252, 253 
IRF252R, 253R 


Ip. ORAIN CURRENT (AMPERES) 
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FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF254, IRF255 
IRF256, IRF257 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features Package 
TO-204AE 
e 22A and 20A, 275V - 250V BOTTOM VIEW 
* fDS(on) = 9.142 and 0.172 
DRAIN 
¢ Single Pulse Avalanche Energy Rated SOURCE / (FLANGE) 


e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

e 275, 250V DC Rated - 120V AC Line System Operation 


GATE 


Description 


The IRF254, IRF255, IRF256, and IRF257 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 


Terminal Diagram | 
N-CHANNEL ENHANCEMENT MODE 


specified level of energy in the breakdown avalanche mode of D E 
operation. These are n-channel enhancement-mode silicon- re u. 
gate power field-effect transistors designed for applications z = 
such as switching regulators, switching converters, motor driv- = = 
ers, relay drivers, and drivers for high-power bipolar switching T = 
transistors requiring high speed and low gate-drive power. G = 2 
These types can be operated directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AE steel 
package. Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRF254 IRF255 IRF256 IRF257 UNITS 

Drain-Source Voltage (1) 2... cee cc cece cece eee eene Vos 250 250 275 275 V . 
Drain-Gate Voltage (RGS = 20K) (1)... cee ee ee eee VpGR 250 250 275 275 V 
Continuous Drain Current 

TG = 2506 eae wana dees Raeiee eee iaewe aes alee ere Ip 22 20 22 20 A 

TG HF 1009C ican eee Ger heaandee rs Manton Ip 14 12 14 12 A 
Pulsed Drain Current (3) .. 2 sec.s cece ene ceee ences eens IDM 88 80 88 80 A 
Gate=Source Voltage 2s 6 sad iid sietinale weeea adieu daerss Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

T2596 iran sedated went ok core edvaneeghiee Pp 150 150 150 150 Ww 
Linear Derating Factor... .. 0... ccc cece ce tee ec eeceeeeees 1.2 1.2 1.2 1.2 W/9C 
Single Pulse Avalanche Energy Rating (4)...........000. Eas 1000 1000 1000 1000 mJ 
Operating and Storage Junction .........eeee eens Ty TsTtGg -55to+150 -55to+150 -55to+150 -55to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............00- TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Therma! Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling 
Copyright © Harris Corporation 1991 
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4. Vop = SOV, Starting Ty = +25°C, L = 3.3mH, Rg = 25N, Peak |, = 22A 
(See Figures 14 & 15). 


procedures should be followed. 


File Number 2300.2 


oo Specifications IRF254, IRF255, 1RF256, IRF257 


Electrical Characteristics Tc = +2509C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = 250pA 
IRF254, 1RF255 


IRF256, IRF257 


Gate Threshold Voltage Va@scTH) | VoS=VGs, Ip =250nA | 20 {| - | 40 | vi | 
Gate-Source Leakage Forward lass |VGg=20V | ia | 100 | nA | 
Gate-Source Leakage Reverse. less |Vas=20V | 


Zero Gate Voltage Drain Current loss 


Twin [typ | waX_|unirs 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vas = OV, 
Ty = +1259C 


oh 
(o) 
O 
Oo 
Se 
> 


On-State Drain Current (Note 2) ID(ON) | YDS> ID(ON) X DS(ON) Max: VGs = 10V 
IRF254, IRF256 A 
TRF255, IRF257 , eae ee 
Static Drain-Source On-State 'DS(ON) | VGs = 10V, Ip = 12A 
Resistance (Note 2) 
IRF254, IRF256 . 0.14 2 


1RF255. IRF257 


ee 
con 


[= [ora [oir [a 
Wosssip= 12a SSCSC~d SP | iC 
Vas = 0V, Vs = 25V,1= 1 OME [=| 2700-[ =| 9F — 
See Figure 10 [=| -s80_[ = [pF 

[= [180 = [oF 
eee ee 


1M 
1M 


Vpp = 125V, Ip = 22A, RG = 6.22 


Rise Time t See Figure 16. (MOSFET switching times 84 130 

Bruce tial indapender oreperiing © {\ex2 ell ew fe OS 
Turn-Off Delay Time td(OFF)_| temperature) | - | 75 |{ 110 | ns | 
Fall Time ee 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Vas = 10V, Ip = 22A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
source lead, 

6mm (0.285 in.) 
from package 

to center of 

die. 

Measured from the 
source lead,6mm 
(0.25”) from header 
and source bonding 
pad. 


tf 
Lp 
Ls 


Internal Source Inductance 


oS 


Tuncion-to-Case ey eo 
Case-to-Sink Rocs | Mounting surface flat, smooth and greased | 0.10 | - | °C/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 


(Body Diode) sz symbol showing the 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) | P-N junc. rectifier. 
Diode Forward Voltage (Note 2) 
Reverse Recovery Time | 
Reverse Recovered Charge | QRR | 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by 4. Vop = 50V, Starting Ty = +25°C, 
: 2. Pulse Test: Pulse width < 300us, maximum junction temperature. See Transient L = 3.3mH, Rg = 25N, Peak | = 22A 


Duty Cycle < 2%. Therma! Impedance Curve (Figure 5). (See Figures 14 & 15). 
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Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


IRF254, IRF255, IRF256, IRF257 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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TRANSCONDUCTANCE (SIEMENS) 


Gfs: 


IRF254, IRF255, IRF256, IRF257 


Vos 2 50V 
80s PULSE TEST 


0 8 16 24 4 40 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. .drain-to-source voltage. 
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Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


1 eee gt 
2 LS a Ss Sa co ico oon 
1 — 
aa 
c ae ee en es ee ee ee ee 
Sag Re A Fl 7224 Ue a a a 
< 
a A/| | | | [| 
z 4a ¢ ee Ge ee ee Gee eee 
ud tL 
7 5 ee Ga) A Ay er a (ee 
5 ee a 
Oo a eee ee Ae | ee 
2 ee ope 
s | | UL 
rae es a a 
wo 5 eee eee eee 
if a ee ee es 
cc | | fl fT | 
é .- CFT 
Sie eas 
0.0 0.4 0.8 4.2 1.6 2.0 


Vop, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 16 
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TOTAL GATE CHARGE (nC) 


Fig. 11- Typical gate charge vs. gate-to-source voltage. 


IRF254, IRF255, IRF256, IRF257 


DRAIN-TO-SOURCE ON RESISTANCE 
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Ip. DRAIN CURRENT (AMPERES) 
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Figure 12. Typical On Resistance vs Drain Current Figure 13. Maximum Drain Current vs Case 
Temperature 
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Figure 14. Unclamped Energy Test Circuit Figure 15. Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
TYPE 
42V 10. 2 AS DUT 
BATTERY }4F 
Rp ie 


DUT 


h Rg + 
Ves= 4 | ~ Yop 
PULSE WIDTH < 1S : : _ | | 1.5m : 
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DUTY FACTOR < 0.1% 
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Figure16. Switching Time Test Circuit Figure 17. Gate Charge Test Circuit 
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Features 

e 2.8A and 3.3A, 350V - 400V 

* DS(on) = 1.82 and 2.50 

¢ SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The IRF320, IRF321, IRF322, and IRF323 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
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IRF320, IRF321 
IRF322, IRF323 


N-Channel Enhancement-Mode 
- Power Field-Effect Transistors 


Package 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


for high-power bipolar switching transistors requiring high D 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel 
package. G 
Ss 
Absolute Maximum Ratings (Tc = +25°0C), Unless Otherwise Specified 
, | IRF320 IRF321 IRF322 IRF323 UNITS 
Drain-Source Voltage (1) 2.0... cee cc cece eee c eee c eens Vps 400 350 400 350 V 
Drain-Gate Voltage (RG@S = 20kKN) (1)........ cee eens VDGR 400 350 400 350 V 
Continuous Drain Current 
OE @uomka soe CSE eee Re Or ee ee ae Ip 3.3 3.3 2.8 2.8 A 
TE 41009 5 cco sce sceaticieearindee sy ore aeeens Ip 2.1 2.1 1.8 1.8 A 
Pulsed Drain Current (3) ....... cece cee e ee ne cence ences IDM 13 13 11 11 A 
Gate-Source Voltage 2.2.0.0 sce ceccnceecc ets ceecencs V6s +20 +20 +20 +20 V 
Maximum Power Dissipation 
TOOT. cease coshun winaaen tence steak iuaeuags Pp 50 50 50 50 W 
Linear Derating Factor......... ccc cece ese es nce ceeeceeees 0.4 0.4 0.4 0.4 W/9C 
Inductive Current, Clamped ......... ccc ence cecsecenes ILM 12 12 10 10 A 
(See Figures 14 and 15, L = 100u1H) . 
Operating and Storage Junction .........0...eeeee Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering ..............- TL 300 300. 300 300 i @ 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 569.1 


Specifications IRF320, IRF321, IRF322, IRF323 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified | 


CHARACTERISTIC SYMBOL | TEST CONDITIONS . 


Drain-Source Breakdown Voltage BVpss'_ | Vas = OV, Ip = 250pA 
IRF320, IRF322 


Twin [typ _[ wAX_| units 


poo | - | - |v 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


11 CG 


H 


J 


Gada operating temperature.) 
O) 

Lp Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center of 
die. 

Ls Measured from the 

~ | source lead, 6mm 
(0.25") from header 
and source bonding 
pad. oS 


Gunctionto-Gase——SSS~—~dSC‘RG PSS 
[Case-to-Sink | _Rocs | Mounting surface Nat, emoothandgreased | - | oa | - | SC 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
G 
Ss 


Is 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Tg = +250C, Ig = 3.3A, Vag = OV Fo - | - [ 18 ] vey 
Reverse Recovery Time Ty = +259C, IF = 3.3A, dif/dt = 100A/us 


IRFS21, IRF2S 360 | - | - |v 
Gate Threshold Voltage VasctH) | Vps =VGs; Ip = 250nA | 20 | - | 40 | vi | 
Gate-Source Leakage Forward lass |Vgs=20V : | = | = | 100 | nA | 
Gate-Source Leakage Reverse Iess_ |VGg=-20V fF = [| = | -100 | nA 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | - [ - | 250 [7 pA | 

Vps = Max Rating x 0.8, V@s = OV, 1000 yA 
Ty =+1259C 

On-State Drain Current (Note 2) ID(ON) | YDS> '!D(ON) X "DS(ON) Max: VG@s = 10V 

IRF320, IRF321 3.3 A 

IRFS22, IRFGRS Pee [- | - [| A_ 
Static Drain-Source On-State 'IDS(ON) | VGS = 10V, Ip = 1.8A 
Resistance (Note 2) 

IRF320, IRF321 1.5 1.8 Q 

IRFS22, IRFS2S ee Oe 
Forward Transconductance (Note 2) Sts Vps > 5OV, Ip = 1.8A 1.8 27 | - | SU) 
Input Capacitance Ciss | Vas = OV, Vps = 25V, f = 1.0MHz | 450 | - | pF | 
Output Capacitance Coss __| See Figure 10 100 | - | pF | 
Reverse Transfer Capacitance Crss | 20 | - | pF | 
Turn-On Delay Time | tg(ON) | VoD = 200V, Ip = 3.3A, Rg = 182 

i i See Figure 16. (MOSFET switching times 

: are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature) 
Fall Time ene 
Total Gate Charge Vgs = 10V, Ip = 3.3A, Vps = 0.8 Max 12 n 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge r Qgs (Gate charge is essentially independent of nc 


3 
am 


internal Source Inductance 


S 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled by Lg + Lp. 


Reverse Recovered Charge | QrrR_ | Ty=+259C, Ir = 3.3A, dip/dt = 100A/us 


NOTES: 
1. Ty = +259C to +1509C 3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. Pulse Test: Pulse width < 300us; Duty Cycle < 2%. See Transient Thermal Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF320, IRF321, IRF322, IRF323 
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FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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IRF320, IRF321, IRF322, IRF323 
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Offs: 
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FOR TEST CIACUIT 
SEE FIGURE 16 
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IRF320, IRF321, IRF322, IRF323 


DRAIN-TO-SOURCE ON RESISTANCE 


Ip, ORAIN. CURRENT (AMPERES) 
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VARY tp TO OBTAIN 
REQUIRED PEAK I, 


tp 


I 


E, = 0.5BVpsg Eco= 0.75BVpss 


FIGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15. CLAMPED INDUCTIVE WAVEFORMS 


+Vps 
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SAME 
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CURRENT 
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12V |0.2 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

e 4.5A and 5.5A, 350V - 400V 

* DS(on) = 1-02 and 1.52 

¢ Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 

The IRF330, IRF331, IRF332, and IRF333 are n-channel 
enhancement mode silicon gate power field effect transistors. 
IRF330R, IRF331R, IRF332R, and IRF333R types are 
advanced power MOSFETs designed, tested, and guaranteed 


IRF330/331/332/333 
IRF330R/331R/332R/333R 


N-Channel Power MOSFETs 


Package 


Avalanche Energy Rated* 


TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE WA (FLANGE) 
@ 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


GATE 


” 
‘ wage * be 
to withstand a specified level of energy in the breakdown D i 
avalanche mode of operation. All of the power MOSFETs are = 2 
designed for applications such as switching regulators, <= = 
switching converters, motor drivers, relay drivers, and drivers © a 
for high-power bipolar switching transistors requiring high Gi = = 
speed and low gate-drive power. These types can be operated ou. 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
IRF330 IRF331 IRF332 IRF333 
IRF330R IRF331R IRF332R IRF333R UNITS 
Drain-Source Voltage (1) .. 0... ccc cc ee ete eee eee Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kKQ)(1)........... eee VDGR 400 350 400 350 V 
Continuous Drain Current 
TO FOO ec es Nt eee pinemaw ee easmaitae te Ip 5.5 5.5 4.5 4.5 A 
TE FI00°C sts es erases ae ase tesa terion aay ID 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current (3) ........cnccccc cen cceccnncuves IDM 22 22 18 18 A 
Gate-Source Voltage ........cceccccccscccsccccncees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ........ 0... ccee eee eeeees Pp 75 75 75 75 W 
Linear Derating Factor........c ccc cece ccc cece ccc eeeeeees 0.6 0.6 0.6 0.6 W/°CG 
Inductive Current, Clamped ...........c cece eee e neces ILM 22 22 18 18 A 
(See Figure 14, L 100pH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 300 300 300 300 mJ 
Operating and Storage Junction ..............000. Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range | 
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4.Vpp = SOV, starting Ty = +259C, L = 17mH, Reg = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK = SOR seerrigurente: 
3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 570 1 
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IRF330, IRF3317, IRF332, IRF333 IRF330R, IRF3317R, IRF332R, IRF333R 


Electrical Characteristics To = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS . 


Drain-Source Breakdown Voltage BVpss'__ | Vas= OV, Ip = -250nA 


Cwin[ TYP _| MAaX_| units 


IRF330/332, IRF330R/332R V 
IRF331/333, IRF331R/333R Zo oe a 
Gate Threshold Voltage Vescty) | Vos =Vas, Ip =-250uA | 20 | - | 40 | vi | 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


nO 
ie) 


Modified MOSFET D 
symbol showing the 

integral reverse 

P-N junc. rectifier. G 


Vp 

tr 

. 
Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


Gate-Source Leakage Forward lass |Vg@s=20V ee ee ee ee 
Gate-Source Leakage Reverse Iess_ |Vq@sg=-20V ee ee ee ee 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vag = OV | = | = | 250 | pA | 
Vps = Max Rating x 0.8, Vas = OV, 1000 HA 
Ty =+1259C 
On-State Drain Current (Note 2) ID(ON) | VDS> !D(ON) X DS(ON) Max, Vgg = 10V 
IRF330/331 , IRF330R/331R A 
IRF332/333, IRFAS2R/S3GR ee ae ee 
Static Drain-Source On-State TDS(ON) | VGs = 10V, Ip = 3.0A 
Resistance (Note 2) 
IRF330/331 , IRF330R/331R 1.0 2 
IRF992/883, IRFGS2R/GSSR el el el ea 
Forward Transconductance (Note 2) Vps > SOV, Ip = 3.0A | 29 | 40 | - | SU) 
Input Capacitance Ciss__ | Vas = OV, Vps = ~25V, f = 1.0MHz | - | 700 | - | pF | 
Output Capacitance Coss _| See Figure 10 es oe ee 
Reverse Transfer Capacitance Crss | = {| 40 | - | pF. 
Turn-On Delay Time taON)_| VoD = 200V, Ip = 55A,Ag = 120 ee Le a 
Rise Time t See Figure 16. (MOSFET switching times 
Turn-Off Delay Time t4(OFF)_| temperature) a ee 
Fall Time Co C= | 1s | 24 | ns _| 
Total Gate Charge VGS = 10V, Ip = 5.5A, Vps = 0.8 Max 21 35 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
‘Gate-Source Char : (Gate charge is essentially independent of n 
peste Source Change 5) Ogee aanteanpenires ae ee ee ae es 
Gate-Drain ("Miller") Charge | Qa _| ee a 
Internal Drain Inductance Lp Measured between =_| Modified MOSFET nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center of 
center of die. 
Internal Source Inductance Ls Measured from the nH 
source lead, 6mm . 
(0.25”) from header 
and source bonding 
pad. A 
Foo [| TTC ST iC 
Roos | Mounting surface flat, smoothandgreased_ | - | 0a | - | OCAW 
Junetion-to-Ambien Roua [Freeairoperaion | = | ‘| (80 COM 


Oo 
co 
a 


& oh, 
re) o 
= 
‘@) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +25°C, L = 17mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, Ipeak = 5.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF337R, IRF332R, IRF333R 


80 us PULSE TEST 


(SJU3dWV) LNIHHND NIVHO 9) 


, e a 


80 ws PULSE TEST 


SS 


(S3H3dW¥) LN3HUND NIVHO 9} 


Vs. GATE-TO-SOURCE ee ae 


ee ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Tynical Transfer Characteristics 


Fig. 1 — Typical Outsut Characteristics 


SLIISOW YAMOd 


TANNVHO-N 


—=_7 
_.s 


ee8ee@ Mata |: wSameecase 
eceeewan GS .2aess engi 


(S3H¥3dWY¥) LN3HHND NivHG Oy 


IRFS32R, 3R 


ni IECon) 
i a 
ia 
SE-Ee 
SRC 


5.0V 


80 us PULSE TEST 


(SJHIdWV) INJHYUN Nivuo Oy 


Vos. ORAIN-TO-SQURCE VOLTAGE (VOLTS) 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 


Fig. 3 — Typical Saturation Characteristics 


" 
QD 


3. Tym - Tc = Pom 2thsc tt). 


1. DUTY FACTOR D= 


P| 
| i | PSS 


awiiill ran 
a REN AT 


AM, 


SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) 


(LINN Y3d) JONVOIdWI qWHU3HL 
LNIISNVYL 3AIL99SS9 CIZITWAYON IP (IM 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance 


Junction-to-Case Vs. Pulse Duration 


e 
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IRF330, IRF331, IRF332, IRF333 ‘IRF330R, IRF3317R, IRF332R, IRF333R 


Ty = -55°C 


Ty = 125°C 


fs, TRANSCONOUCTANCE (SIEMENS) 


Ipg. REVERSE DRAIN CURRENT (AMPERES) 


\ 


0 2 4 6 8 0 
ip, ORAIN CURRENT (AMPERES) Vsp. SOURCE-TO-ORAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


BVpss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) T,, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Cigg = Cog + Cog, Cos SHORTED 
Crs = Cog 


Coss * Cas * T+ Cog 


Cg, + Cog 


Boek ot | 
Saeee0// 408 
ake Ae ee 


C, CAPACITANCE (pF) 


|} — 
A, 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


i¢) 8 16 24 . 32 40 
Vps, ORAIN-TO.SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ip. ORAIN CURRENT (AMPERES) 


Fig. 12 - Typical On Resistance vs Drain Current 


E, = 0.5 BVpss Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms 


PULSE WIDTH < 11S 
DUTY FACTOR < 0.1% 


Fig. 16 - Switching Time Test Circuit 


IRF330, 331 
IRF330R, 331R 


Ip, ORAIN CURRENT (AMPERES) 


25 50 7§ 100 125 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 13 - Maximum Drain Current vs Case Temperature 


Ypos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Ves= 10V 


N-CHANNEL 
POWER MOSFETs 


Fig. 15b - Unclamped Energy Waveforms 


9 +Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V 10.2 
BATTERY '}LF 
eles 


DUT 


o -Ybs 
Ig CURRENT —L- Ip CURRENT 
SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 17 - Gate Charge Test Circuit 
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i HARRIS _ IRF340/341/342/343 
IRF340R/341R/342R/343R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
: TO-204AA 
¢ 10A and 8.3A, 400V - 350V BOTTOM VIEW 
* rDS(on) = 0.552 and 0.802 . 
DRAIN 
e Single Pulse Avalanche Energy Rated* SOURCE WA (FLANGE) 


© SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 
Description 


The IRF340, IRF341, IRF342, and IRF343 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF340R, IRF341R, IRF342R, and IRF343R types are | N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


. avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF340 IRF341 IRF342 IRF343 
IRF340R IRF341R IRF342R IRF343R UNITS 

Drain-Source Voltage (1) 2... . cece eee cece teen eeee Vos 400 350 400 ' 350 V 
Drain-Gate Voltage (RGS = 20kK2) (1)... 2. cee ee ee eee VDGR 400 350 400 350 V 
Continuous Drain Current . 

A ting CR EE ee ee eer ee ee rere ID 10 10 8.3 8.3 A 

CS PIOO CC wn ca ets ces aii shia aa Mee Newey he eee ee Ip 6.3 6.3 5.2 5.2 A 
Pulsed Drain Current (3) ois ss isa sdwis cis. ste eaene nn aaiederes IDM 40 40 33 33 A 
Gate=Source Volage: sc existe scat emesis catetians Ves +20 +20 +20 +20 V 

_ Maximum Power Dissipation ......... 0.00. cee ee eee eeees Pp 125 125 125 125 Ww 

Linear Derating Factor.......cccccccccccccccccccecceesies 1.0 1.0 1.0 1.0 W/°G 
Inductive Current, Clamped ......... ccc sce e cece eee eene ILM 40 40 32 32 A 

(See Figure 14,L = 100y1H) 
Single Pulse Avalanche Energy Rating (4)...........06- Eas* 520 520 520 520 mJ 
Operating and Storage Junction ........... 200 cee Ty TsTG -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ...........2.005 TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. | 4.Vpp = SOV, starting Ty = +259C, L = 9.2mH, Reg = 25, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 10A. See Figure 15. 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2307.1 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF3417R, IRF342R, IRF343R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVposs__ | Vqa@s = OV, Ip = 250pA 
IRF340/342, IRF340R/342R 


IRF341/343, IRF341R/343R 


[Gate Threshold Voliage | Vosqmy [Vos=Vas.ip=2s0uk——=—S~=~—“—~‘i CTC ~C*dSC YC 
[Gate-SourceLeakageFoward | Igss [Vas=20V SS ‘dT | 100 
[Gate-Source Leakage Reverse | igss_|Vas=-20V.——SCS. ~~ 100 
Zero Gate Voltage Drain Curren po Reapers — ft Seo 


Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty = +1259C 
re 


On-State Drain Current (Note 2) ID(ON) | YDS > ID(ON) X DS(ON) Max VGs = 10V 
IRF340/341, IRF340R/341R 


IRF342/343, IRF342R/343R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF340/341, IRF340R/341R 


IRF342/343, IRF342R/343R 


CRss 
td(ON) _| VoD = 200V, Ip  10A, Rg = 9.12 
[Rise Time __ |__| cre essentiallyindependent of operating 
temperature) 


'DS(ON) | VGS = 10V, Ip =5.2A 


Total Gate Charge Vgs = 10V, Ip = 10A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge Gas: | (Gate charge is essentially independent of 


operating temperature.) 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Junction=to-Case ie a era 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Internal Source Inductance 


Diode Forward Voltage (Note 2) VSD Ty = +259C, Is = 10A, VGg = OV 

Reverse Recovery Time Ty = +2500, IF = 10A, dif/dt = 100A/us 

Reverse Recovered Charge Ty = +2596, Ie = 10A, dig/dt = 100A/us 

Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled by Lg + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 50V, Start Ty = +25°C, L = 9.2mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Regs = 252, IpeEAK = 10A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF340, IRF34 1, IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 


Ip. DRAIN CURRENT (AMPERES) 


ae aac mae 
Vpg- DRAIN- TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


— 
m~ 


Ip. ORAIN CURRENT (AMPERES). 


ASE EEEEE 


Vos: aes TO-SOURCE VOLTAGE rae 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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© 


or 
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THERMAL RESPONSE (Zip jc) 
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a4 
cq 
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— 
or 
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COT 
tir 


Ip. DRAIN CURRENT (AMPERES) 


be! 
a 


| 


| 


Vgg: GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


-——+- OPERATION IN THIS ARES 
S (ON) 


Ht 
ett 
Fe, 1 eg 

Ao Sy 


rie ST 
SL 


mee Ga F34 
Pan ae re te 


T y=150°C 
SINGLE PULSE 


Ip. DRAIN CURRENT (AMPERES) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 4. MAXIMUM SAFE OPERATING AREA 


e toon] — — 
4 " aoe — 


ety 
<——t2 


1, DUTY FACTOR, D=t,/t> 


O74 4 10 


t,, RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 


TRANSCONDUCTANCE (SIEMENS) 
Ipp. REVERSE DRAIN CURRENT (AMPERES) 


ts 

ee ae 
: a eae 
- a ae 
. ae es A 

0. 
0.0 0.3 0.6 0.9 {2 135 
Ip. ORAIN CURRENT (AMPERES) Vep, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


an 
BZ 

ad 

ded 


N-CHANNEL 
POWER MOSFETs 


(NORMALIZED) 


DRAIN-TO-SOURCE ON RESISTANCE 


BVngg- DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ip = imA 

0.85 = 
s 
fp) 
oe 

0.75 0.0 

-60 -40 -20 0 20 40 60 80 100 120 140 160 -60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE ( °C) Ty. JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


Cys + Cog. Cys SHORTED 


C 
sooo JN {fers =e 


a 
Fs) 
Cys + Cys Cgg / (Cg¢ + Cyq) Ss > 
oun Co e-6 Ww (A 
i ds gd o 
s ; : Vl 
w 1500 he 2 yy 
[*) > 
z ee ll : Pay aus 
: : HW |_| 
Sooo AMIE ELLIE TH] : Ya 
S$ UALENHIE ETT THT eee? Zeek 
e h = Ve 
F LL 
oo NLU ELT THT Ha os ee 
500 AN hi Pr f_ | | | 
PUNNUTTINS PT : | 
oss il > FOR TEST CIRCUIT 
0 rss_]Th . SEE FIGURE 16 
4 2 5 10 2 5 102 2 5 10° 0 42 24 36 48 60 
Vos DRAIN-TO-SOQURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 


VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 


=o sak Sale 
CCRT 


10m 


DRAIN-TO-SOURCE ON RESISTANCE 


Ip. ORAIN CURRENT (AMPERES) 


Ros (on) 


3 100 425 450 
Ip. DRAIN CURRENT (AMPERES) — a TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
Vos 


VARY tp TO OBTAIN Maal LUE) eo | 
REQUIRED PEAK I, L Res Vp 
Vgs= 10V BUT | 
tp Ves= 10V ; 
p 
I : 
Ey = 0.5BVpss Eco= 0.75 BVpss hs 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 
picARF/340/ Ec 
FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
TYPE 
AS DUT 
Ves= ty | 
PULSE WIDTH < 14S 
DUTY FACTOR < 0.1% -Vps 
Ig CURRENT Ip CURRENT 
SAMPLING RESISTOR = SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS 


IRF350/351/352/353 


IRF350R/351R/352R/353R 


August 1991 


Features 

e 13A and 15.0A, 350V - 400V 

* rps(on) = 0.32 and 0.40, 

e Single Pulse Avalanche Energy Rated* 
© SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Descriptioi 


The IRF350, IRF351, IRF352, and IRF353 are n-channel | Terminal Diagram 


enhancement-mode silicon-gate power field-effect transis- 
tors. IRF350R, IRF351R, IRF352R and IRF353R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


TO-204AA 


DRAIN 


SOURCE w4 (FLANGE) 


) 


GATE 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF350 
IRF350R 

Drain-Source Voltage (1) 2... cc cee ce eee e cee ees Vos 400 
Drain-Gate Voltage (REGS = 20K) (1).... 06... eee eee VDGR 400 
Continuous Drain Current 

WOES 28S oer baw etrcutedartieetweweet ter ae ss Ip 15 

TC = 1OOSC sia aeaed heneseeoebantaw sents eg Ip 9.0 
Pulsed Drain Current (3) ........ cece cece cee ene e tenes IDM 60 
Gate-Source Voltage .......cccccecccnccccrsececcees Ves +20 
Maximum Power Dissipation 

TO eo Oe d Sacha ta couse suds scone ae ee Kanes x Pp 150 
Linear Derating FaCtOL es ies ssie cies veces a vais bobs eee s 1.2 
Inductive Current, Clamped .......... 2. cece cece eens ILM 60 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............005 Eas* 700 
Operating and Storage Junction .............0008. Ty, TsTG 7~55to+150 


Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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Lug BL. 

=<_ & 
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G =z = 

a. 

Ss 
IRF351 IRF352 IRF353 
IRF351R  IRF352R —«IRF353R UNITS 
350 400 350 V 
350 400 350 Vv 
15 13 13 A 
9.0 8.0 8.0 A 
60 52 52 A 
+20 +20 +20 V 
150 150 150 Ww 
1.2 1.2 1.2 w/°C 

60 52 52 A 
700 700 700 mj 
-55to+150 -S5to+150 -55to +150 oC 
300 300 300 oC 


4. Vop = 40V, starting Ty = +259C, L = 5.66mH, Regs = 502, IpeAK = 
15A. See Figure 15. 


File Number 1826.1 


IRF350, IRF351, IRF352, IRF353 IRF350R, IRF351R, IRF352R, IRF353R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| , LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS {| MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = -250pA ae ees 
Vv 


IRF350/352, IRF350R/352R 
IRF351/353, IRF351R/353R oe hoe ae 
VesqH Vv 

iass 


Gate-Source Leakage Reverse Iess |Vas=-20V 


Zero Gate Voltage Drain Current IpDss 


> 


Vps = Max Rating, Ves = OV 


Vps = Max Rating x 0.8, Vas = OV, 
Ty = +1259C 


VDS > ID(ON) X DS(ON) Max: VGS = 10V 


On-State Drain Current (Note 2) 
IRF350/351, IRF350R/351R 


IRF352/353, IRF352R/353R 


Static Drain-Source On-State 'DS(ON) 
Resistance (Note 2) 
IRF350/351, IRF350R/351R 


ID(ON) 


o>) 


VGS = 10V, Ip = 8.0A 


=e os 
on 
Oo 
T 2 5 = >| D> a oe ee 
nS . P| P| > 


0.25 0.3 


ZlLOIOlLO 
#19 |B 1 
Z| IM . 


IRF352/353, IRF352R/353R ee 
Forward Transconductance (Note 2) Sts Vps > ID(ON) X DS(ON) Max Ip = 8.0A | 80 | 10° | 
Input Capacitance iss | Vas = OV, Vps = 25V, f = 1.0MHz | - | 2000 
Output Capacitance Serie a 
Reverse Transfer Capacitance | - | 100 {| - | pF | 
Turn-On Delay Time Vpp ~ 180V, Ip = 8.0A, Zo = 4.72 fo o- | - | 35 | ons | 
Rise Time See Figure 16. (MOSFET switching times 65 
se ecentaliy mdenealonolenercing, Je ee | Oe 
Turn-Off Delay Time RHOFF_| temperature) PF - | -_| 150 | 1s_| 
Fall Time a es a 
Total Gate Charge Vas = 10V, Ip = 18A, Vpsg = 0.8V Max 79 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
= Gate charge is essentially independent of 
Gate-Drain ("Miller") Charge | Qga_| a ee 
Internal Drain Inductance Lp Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. D 
pins and center of | 
center of die. 
Internal Source Inductance Ls Measured from the 12.5 nH 
source lead, 6mm 
. (0.25”) from header 
and source bonding 
pad. . . 
Junction-to-Gase Ro [| TTCCC*d CS CYC («88 [cr 
Case-to-Sink Recs | Mounting surface flat,smoothand greased {| - | O01 [| - | °C/W | 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 

integral reverse 

P-N junc. rectifier. G 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 


ISM 


Ss 
Diode Forward Voltage (Note 2) Ty = +259G, Is = 15A, Vag = OV 
Reverse Recovery Time Ty = +1509C, If = 15A, dip/dt = 100A/us 
Reverse Recovered Charge | Qrr_ | Ty = +1509C, Ir = 15A, dif/dt = 100A/us 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 40V, Start Ty = +25°C, L = 5.66mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpeEAK = 15A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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Zthac(t/ Ringe. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRF350, IRF351, IRF352, IRF353 IRF350R, IRF351R, IRF352R, IRF353R 


a 
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tas 
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— ec 
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uu i) 
= 3 
= Po 
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Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. i — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
100 Ee he wma SS ttt nw ap en @ wer 
F— inrasor, 18 oh OPERATION IN THIS AREA IS LIMITED 
50 papa SRT BY RoSion) 
IRF352A, 3R  jRFSSAR, OR A HT 
80 us PULSE TEST RINSE 2 
wel |= LS 
CT ye STS yd 
= / a eS. 100 us = J 
z if 2 yp fomrsonon TIN |_| SUN Basel == 
ec 
Lt | fer i =: i 
= < ae ee a == 
= = —H-++ oO 
- 2 a. 
nF ae eae : 
[oad « 
: At ttt tt = 
= [<) 
a4 
=z — 
= ny, fe td < 14 ECE HILT Ne 
fea ED Ga OF OD WCCO Vea wae eeweeer 
=] =e — = Ga GES Ge 
a i= ae By me we 
s 0.5 
Ringe = 0.83 KW ‘ ia 
op [~ SINGLE PULSE Corr wut a 
ie 
0.1 
10 2 5 10 20 50 100 200 500 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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ES GH GaeeD 
: 5 = — mame ao- 


| See coor 


Se aan a BMmneaanm” ee 
Hy 


+4 
— _—— —— L-— + 
iS == rer See AG 1. DUTY FACTOR, D= 2 
eT INGLE PULSE (TRANSIENT +1111 =o. 05 


Mniminacs-. al THERMAL IMPEDANCE) SO ee ca taa nee. eh 
osm SO 0 2, PER UNIT BASE = Rynyc = 0.83 DEG. C/W. 


Sec ao Pace aie oe nia “Te = Pom 2rnsctt) 
~ 19-5 2 5 10-4 2 5 10-32 5 19-22 5 1-1 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF350, IRF3517, IRF352, IRF353 IRF350R, IRF3517R, IRF352R, IRF353R 


Qs, TRANSCONDUCTANCE (SIEMENS) 
lpg. REVERSE DRAIN CURRENT (AMPERES) 


0 4 8 12 16 20 
Ip, ORAIN CURRENT (AMPERES) Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current ~ Fig. 7 — Typical Source-Drain Diode Forward Voltage 
1.25 


BV pss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros (on). QRAIN 70-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


| 
f= 1 MHz 


C, CAPACITANCE (pF) 
Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


likes SEE FIGURE 18 
0 10 20 30 40 50 0 28 56 84 112 140 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) | | Qy, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF350, IRF351, IRF352, IRF353_ IRF350R, IRF351R, IRF352R, IRF353R 


Ip. QRAIN CURRENT (AMPERES) 


EVa2nEEEE 
Al tii tt 


Roston) MEASURED WITH CURRENT PULSE OF 


2.0 us OURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL) 
0 7§ 


0 10 20 30 40 50 60 70 "95 5 100 125 150 
Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK |, 


wold 
Ves= 10V ; 
p 


N-CHANNEL 
POWER MOSFETs 


Ey = 0.5BVpsg Ec= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
Vop SAME 
— TYPE 
ADJUST Rx §. 12V \0.2 AS DUT 
TO OBTAIN Ru BATTERY |}tF 
SPECIFIED Ip clon 


co err i 


| PULSE 
GENERATOR 
| ton 
| SOURCE 
| IMPEDANCE | HES 
JMPEDANCE P = i 
DS 
IG CURRENT —— Ip CURRENT 
SAMPLING RESISTOR ~~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF360 
IRF362 


N-Channel Power MOSFETs 


“) HARRIS 


August 1991 | Avalanche-Energy Rated 
Features Package 
TO-204AE 
e 25A and 22A, 400V BOTTOM VIEW 
® rps(on) = 0.200 and 0.250 ss 
e Single Pulse Avalanche Energy Rated SOURCE we FLANGE) 


¢ SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF360 and IRF362 are advanced power MOSFETs | Terminal Diagram 
designed, tested, and guaranteed to withstand a specified level 


of energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as D 


switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis- 
tors requiring high speed and low gate-drive power. These 


types can be operated directly from integrated circuits. G 
The IRF-types are supplied in the JEDEC TO-204AE metal 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
) IRF360 IRF362 ) UNITS 
Continuous Drain Current 
VG 4259S sis shank eo ees Bian eee aneee emesis Ip 25 22 A 
TEE FIO0PS hint caves tae wewosmeine sphere eee ee aes Ip 16 14 A 
Pulsed Drain Current (1) .......cccecccccceceeceeceuceeeeeees IDM 100 88 A 
Gate—Source Voltage a.s6.ciiciv seid eves ce ceeec tee wae dees Vas +20 . +20 V 
Maximum Power Dissipation 
BB eaten 1s ed ne ea ene eee Pp 300 300 W 
Linear Derating Factor....... ccc cece cece cece ceececeeesessseees 2.4 2.4 W/9°C 
Single Pulse Avalanche Energy Rating (2)..........cceceeeeees Eas 980 980 mj 
See Figure 14 
Avalanche Current, Repetitive or Non-repetitive (1)............. IAR 25 25 A 
Operating and Storage JUNCHION ........ cece eee eee ee eees Ty, TSTG -55 to +150 -55 to +150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering ...........seeeeeeees TL 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: . 
1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
2. Vop = SOV, starting Ty = +25°G, L = 2.8mH, Rgg = 25N, Peak I, = 25A. 
3. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. , 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2276.1 


Copyright © Harris Corporation 1991 
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Specifications IRF360, [RF362 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| VGs= OV, Ip = 250nA 


UNITS 


Gate Threshold Voltage VoasctxH) | Vps=Ves, Ip = 250pnA 
Gate-Source Leakage Forward Iess |VGs=20V 
Gate-Source Leakage Reverse lass |VGs=-20V 


Zero Gate Voltage Drain Current Ipss__| Vos = Max Rating, Vgs = OV cay 2] 
Vps = Max Rating x 0.8, Ves = OV, 
Ty =+1259C 


On-State Drain Current (Note 3) ID(ON) | YDS> !ID(ON) X "DS(ON) Max: VGS = 10V 
IRF360 
IRF362 


Static Drain-Source On-State 
Resistance (Note 3) 
IRF360 


TDS(ON) | VGS = 10V, Ip = 14A 


IRF362 

Ips = 144 Vg 50V a at - | 8) 

[= [4000 [=F 
P= [550 | - | oF 
ee ae a 
[= [22 | 33 | ns 
are essentially independent of operating (aac DRE Ee a 
temperature) b 380). | 120 ons | 
raitme SCT ree [ 99 | ns | 
Total Gate Charge Vas = 10V, Ip = 25A, Vps = 0.8V x Max 120 170 nC 

(Gate-Source + Gate-Drain) Rating. See Figure 16 for test circuit. (oe 


(Gate charge is essentially independent of 
operating temperature.) 


Gate-Source Charge | Qgs 


Gate-Drain (“Miller”) Charge | Qaqd | 
Internal Drain Inductance 
Internal Source Inductance 
Junction-to-Case Resc 


Case-to-Sink Recs | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


3 
@) 


oe] 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


oD 


= 
te) 
=] 


S 
2/2 


on 
© 
je) 


(ea) 
oO 
Oo 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. G 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


S 
Diode Forward Voltage (Note 2) Ty = +259C, Ig = 25A, VGs = OV 


no 
oO 


< 


Reverse Recovery Time ter Ty = +2509C, Ip = 25A, dip/dt = 100A/us 
Reverse Recovered Charge | QraR | Ty = +25°C, Ip = 25A, dif/dt = 100A/us 3.1 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 

1. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

2. Vop = 5O0V, Starting Ty = +25°C, L = 2.8mH, |) = 25A 

3. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


4-245 


N-CHANNEL 
POWER MOSFETs 


DRAIN CURRENT (AMPERES) 


Ip. 


Ip. ORAIN CURRENT (AMPERES) 


IRF360, IRF362 


10V | |80ns PULSE TEST ee ——S 
eae ae 
: te 
aoe eae 
| a gs wii 
5.0V : WA 
Ped Ion 2 == 
7 An 
24 = Ge 2S a 
rm 5 if ff 
= Van in 
ny mi 
a a, 
ae : | 
16 GEE Bate 
lf Z | 
< 2 —— a 
a S 2 Gees ee 
QO es eee eee 
| ee eS ee 
5 5 A 
H 
ot i ses | ae 
jp jy a 
0 40 BO 120 200 10 
Vos. DRAIN-TO-SOURCE VOLTAGE ‘WoLts) Ves: oe TO- = eoiiiGe carves er 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
40 


BY Rps (ON) ooh 


Saas sestitimesanin 


|_| 'IRF360 ea el tale eee IL 


Ip, DRAIN CURRENT (AMPERES) 


ae ee es Be ee 
7a a a 


a 48 
ot i 
a 


7. AS TES CG CES LE ES DRS) AD AY nmin wamea 
2 4 6 8 10 1 10 2 5 402 2 5 103 
Vpg- ORAIN-TO-SOURCE VOLTAGE (VOLTS) a DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44234 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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DUTY FACTOR, D=t,/to 


4079 1074 1073 107¢ 0.4 1 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (24 jc) 
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BVosg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 


TRANSCONDUCTANCE (SIEMENS) 


Gfs: 


IRF360, IRF362 


Vos > 50V 
BOps PULSE TEST 


10 20 30 40 50 
Ip. ORAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


(NORMALIZED) 


0.75 


ae ae 


Racer ewes 
i eS ae 


-60 -40 -2c0 0 20 40.60 80 100 120 140 16 


Ty. JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 


(NORMALIZED) 


.0 
-60 -40 -20 0 


N-CHANNEL 
POWER MOSFETs 


20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE ( °C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ves: 


Fig. 


can? Ann 
TTA 


pi tt TAT 
Sars Ase ee 


FOR TEST CIRCUIT 
SEE FIGURE 16 
120 160 200 


TOTAL GATE CHARGE (nC) 


11 - Typical gate charge vs. gate-to-source voltage. 


IRF360, IRF362 
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Ip, DRAIN CURRENT (AMPERES) 
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Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


TFL 
p 


Fig. 14a - Unclamped inductive test circuit. Fig. 14b - Unclamped inductive waveforms. 
Ro V6s 
a fi 
Vos + 
Rg a 
Ves = 10V | | | se 
one ee) ee 
PULSE WIDTH < 1 us Itdfon)t ot I tf 
DUTY FACTOR <0.1% is ot > Tye” a! 
Fig. 15a - Switching time test circuit. Fig. 15b - Switching time waveforms. 
+Vos 
CURRENT : 
ISOLATED 
REGULATOR UPPEY) 


12V 
BATTERY 


GATE 
VOLTAGE 


Ig = Ib 
——= SAMPLING SAMPLING 
CHARGE RESISTOR RESISTOR 
Fig. 16a - Basic gate charge waveform. . Fig. 16b - Gate charge test circuit. 
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Gt? HARRIS IRF420, IRF421 
IRF422, IRF423 


N-Channel Enhnancement Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AA 
e 2.2A and 2.5A, 450V - 500V BOTTOM VIEWS 
* rps(on) = 3.02 and 4.02 
e SOA is Power-Dissipation Limited SOURCE pale 


a (FLANGE) 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 
° High Input Impedance 


e Majority Carrier Device 


PDescrintion 


The IRF420, IRF421, IRF422, and IRF423 are n-channel 


enhancement mode silicon-gate power field-effect transistors Terminal Diag ran 


designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE 

switching converters, motor drivers, relay drivers, and drivers se 
for high-power bipolar switching transistors requiring high D 7 a 
speed and low gate-drive power. These types can be operated = ws 
directly from integrated circuits. == 

Sa 

The IRF-types are supplied in the JEDEC TO-204AA steel - oa 
package. G = = 


Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRF420 IRF421 IRF422 IRF423 UNITS 

Drain-Source Voltage (1) .. 1... cece cee eee e eee eee eee Vps 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20kK{2) (1)...... eee ee eee VDGR 500 450 500 450 V 
Continuous Drain Current 

TOS 25°C rains dave ay due teas pee eieaeeys Ip 2.5 2.5 2.2 2.2 A 

TG P1000 ce sco un sia assuecesid game aeeneeten Ip 1.6 1.6 1.4 1.4 A 
Pulsed Drain Current (3) ........ cece eee c cree sce ceennes IDM 10 10 8.0 8.0 A 
Gate=Source Volages sive vuscen na duawendoud x ewes deus Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TE R259C sec kaiewen somite ease nck vaweens Pp 50 50 50 50 W 
Linear Derating FactOr....... 0. cece cece cen cueneecececeeens 0.4 0.4 0.4 0.4 W/9C 
Inductive Current, Clamped ......... ccc eee c ere cecectaceees 10 10 8.0 8.0 A 

(See Figures 14 & 15, L = 100yH) 
Operating and Storage Junction ........... 0.0 e eee Ty TSTG —55to+150 -55to+150 -55to+150 ~-55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............... Th 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 3. Repetitive rating: Pulse width limited by maximum junction temperature. 
2. Pulse Test: Pulse width < 300yus, Duty Cycle < 2%. See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 File Number 1 371 4 
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Specifications IRF420, IRF421, IRF422, IRF423 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTIC — | SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage | BVpss | VGs=OV, Ip = 250nA 
IRF420, IRF422 


| iRFaat RFs Paso | - | - | v_ 
[Gate ThresholdVoltage | Vasqn |Vos=Vas.p=250ua—SSS=C=~=“‘iSC STC ~SC«dT «| Ci” 
[Gate-SourceLeskageFoward | _Iass |Yas=20v_ ss SSSSCSCSC~i SiS «iY 100 ~*A 
[Gate-SourceLeakageReverse | igss_|Vas=-20V_—=S~S~CSCSC‘T = +? = «iY 100 | A 

Zero Gate Voltage Drain Current Vps = Max Rating, Ves = OV i ne Eee 
Vps = Max Rating x 0.8, Vgs = OV, pA 
On-State Drain Current (Note 2) Vps > ID(ON) X "DS(ON) Max: VGs = 10V 

JIRF420, IRF241 

IRF242, IRF243 ae 
Static Drain-Source On-State TDS(ON) | VGS = 10V,Ip = 1.4A fas | so 
Resistance (Note 2) 

IRF420, IRF241 3.0 Q 
_IRFo42,IRF2aS _ | C= {| 30 [| 40 | A 
Forward transconductance (Note®)| dts _|Vps=S0Vip=14A—SS~«d|_—t' | 23 | - | SO) 
Vas = OV, Vs = 25V, f= 1.0MHz P00 | = _| 
Seoclgure 10 es ee 
| oe 
Vop = 250V, 19 = 25A,Rg = 18m 
Rise Ti igure 16. witching tim 
/FallTime = siege 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


Vgs = 10V, Ip = 2.5A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


oa 
ee 
eed 
al 
ae 
Mint ceed 
a 
as 
Pees 

Measured between Modified MOSFET 

the contact screw on | symbol showing the 5 
eae 
aa 


header thatis closer | internal device 
to source and gate inductances. 
pins and center of 

center of die. 

Measured from the 

source lead, 6mm 

(0.25”) from header 

and source bonding 


rc 


a] wv 
rot (= on 5 ko ke 
Oo 


Internal Source Inductance 


pad. bs 


Junction-to-Case 


ee ee ee c/w 
Case-to-Sink | s__ | Mounting surface flat, smooth and greased ; 


R@JA 


Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


‘Continuous Source Current | Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P~N junc. rectifier. G 
S 


Pulse Source Current 
(Body Diode) (Note 3) 
Ven _| T= +25°C, Ig =2.5A, Veg = OV = [ta |v 
Ty = +259C, Ip = 2.5A, dip/dt = 100A/ts 130 | 270 | 540 | ns | 
Reverse Recovered Charge Ty = +250G, Ir = 2.5A, dif/dt = 100A/ys 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% Transient Thermal Impedance Curve (Figure 5) 


Free air operation 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 


ee) 
Q 
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IRF420, IRF421, IRF422, IRF423 


Performance Curves 
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N-CHANNEL 
POWER MOSFETs 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF420, IRF421, IRF422, IRF423 


Performance Curves (Continued) 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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FIGURE 11. TYPICAL GATE CHARGE vs 
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IRF420, IRF421, IRF422, IRF423 


Performance Curves (Continued) 


Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 
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FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 
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FIGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT 


oe 
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PULSE WIDTH < 12.8 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 
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POWER MOSFETs 


Ga? HARRIS 


IRF430/431/432/433 


IRF430R/431R/432R/433R 


| N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features | Package 
© 4.0A and 4.5A, 450V - 500V 

® rps(on) = 1.52 and 2.02 

e Single Pulse Avalanche Energy Rated* _ SOURCE 
¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF430, IRF431, IRF432, and IRF433 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 


TO-204AA 


tors. IRF430R, IRF431R, IRF432R and IRF433R types are N-CHANNEL ENHANCEMENT MODE 


advanced power MOSFETs designed, tested, and guaranteed 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. — 
The IRF types are supplied in the JEDEC TO-204AA steel Ss 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
. IRF430 IRF431 IRF432 IRF433 
IRF430R IRF431R IRF432R IRF433R UNITS 
Drain-Source Voltage (1) ........ aha wees ors ere ore Vos 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20K) (1)... -. cece eee VDGR 500 450 500 450 V 
Continuous Drain Current 
TG 42506 ois ns nand eee Peneeokeastseeadasecs Ip 4.5 4.5 4.0 4.0 A 
TGS F100 sci samccdeiives sete shan tun Pumas onan lp 3.0 3.0 2.5 2.5 A 
Pulsed Drain Current (3) ..... 2... cece ccc ce cc cccccene IDM 18 18 16 16 A 
Gate-Source Voltage ........ccceecccnccccccccevees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation | 
TG eS oiss sc hienc we Wace ates ian eke ee sealer Pp 75 75 75 75 W 
Linear Derating Factor......cccccccccccacccccvscvereccees 0.6 0.6 . 0.6 0.6 W/9C 
Inductive Current, Clamped .........ceecceeseeeereecee ILM 18 18 16 16 A 
(See Figure 14, L = 100y1H) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 300 300 300 300 mj 
Operating and Storage Junction ............. cence Ty TsTG -55to+150 -55to+150 -S5to+150 ~-55to+150 1 @) 
Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 sd @) 
(0.063” (1.6mm) from case for 10s) 
NOTES: 

1. Ty = +25°C to +150°C. 4. Vop = SOV, starting Ty = +25°C, L = 25mH, Res = 200, IpeaK = 4.5A. 
2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. See Figure 15. | 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only . 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 57 9.1 
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IRF430, IRF431, IRF432, IRF433  IRF430R, IRF431R, IRF432R, IRF4A33R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


Drain-Source Breakdown Voltage 
IRF430/432, IRF430R/432R 


ez a A (a 
[Gate Threshold Volage | Vas |Vos=Ves p=2500A_——=S~S~C~sCi | dT | 
[Gate-SourceLeakageFoward | Igss |Vas=20V_———SSC~C~S~— SC iY CY 10 
[Gate-Source LeakageReverso | lgss_|Vas=-20V——S SY id 100+ 


Zero Gate Voltage Drain Current lpss__| Vps = Max Rating, Vgs = OV | 250 | pA | 


Vps = Max Rating x 0.8, Ves = OV, 
Ty = +1259C 


On-State Drain Current (Note 2) 
IRF430/431, IRF430R/431R 


IRF432/433, IRF432R/433R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF430/431, IRF430R/431R 


ID(ON) 


Vas = 10V, Ip = 2.5A 


DS(ON) 


ae 
rea 


IRF432/433, IRF432R/433R 
Forward Transconductance (Note 2) Vps > SOV, Ip = 2.5A | 27 | 32 | - | SU) 


Q 


lola 

Pr i ~ + D 
0 fo 2 15 1 19 lH 

ZIM 


Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 


Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


ISS 
OSS 


Vpp = 250V, Ip = 4.5A, Rg = 129 


Rise Time See Figure 16. (MOSFET switching times 23 
- are essentially independent of operating _ 23} ns | 
Tum-Off Delay Time taOFF)_| temperature) C= [3s | 33 [ns | 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


VGs = 10V, Ip = 6.0A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25") from header 
and source bonding 
pad. 


Internal Source Inductance 


¢) 


Junction-to-Case RoJc 
Recs _ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Is 
Pulse Source Current Ism integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Vsp Ty = +259, Is = 4.5A, Vag = OV 
Reverse Recovery Time Ty = +250C, Ip = 4.5A, dig/dt = 100A/us 


a= 
?) 


Reverse Recovered Charge Ty = +259C, Ip = 4.5A, die/dt = 100A/ps 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 25mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeaK = 4.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431R, IRF432R, IRF433R 
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Ip. ORAIN CURRENT (AMPERES) 
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Ip. ORAIN CURRENT (AMPERES) 


Vos. ian ae SOURCE setae (VOLTS) ‘ Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431R, IRF432R, IRF433R 


gts. TRANSCONDUCTANCE (SIEMENS) 
Ipr. REVERSE ORAIN CURRENT (AMPERES) 


Ip, ORAIN CURRENT (AMPERES) Vsp. suite TO-ORAIN VOLTAGE (VOLTS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


N-CHANNEL 
POWER MOSFETs 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Ros(on) ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


_40 ° 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Vg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip = 6A 
FOR TEST CIRCUIT 
SEE FIGURE 18 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Q,. TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF4317R, IRF432R, IRF433R 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


ay 
Ves= 10V)<- 
| p 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


Ey = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V 


vol | 
Ves= 10V 


PULSE WIDTH < 1S 


DUTY FACTOR < 0.1% -Vps 
3 Iq@ CURRENT —W Ip CURRENT 
SAMPLING RESISTOR ™ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS 


August 1991 


Features 

e 7A and 8A, 450V - 500V 

¢ rps(on) = 0.852 and 1.120 

e Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

@ Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF440, IRF441, IRF442, and IRF443 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF440R, IRF441R, IRF442R and IRF443R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


IRF440/441/442/443 
IRF440R/441R/442R/443R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 
i) 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


N-CHANNEL 
POWER MOSFETs 


The IRF types are supplied in the JEDEC TO-204AA steel S 


package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF440 IRF441 IRF442 IRF443 
IRF440R IRF441R IRF442R IRF443R UNITS 

Drain-Source Voltage (1) ....... cece ce cee eee eee Vps 500 450 500 450 V 
Drain-Gate Voltage (RG@S = 20kK|) (1)... 6.6... eee eee VDGR 500 450 500 450 V 
Continuous Drain Current | 

TOS 26°C eas tiiwesst dee dbsconeant eeies alone. Ip 8.0 8.0 7.0 7.0 A 

GOP OOO edis tev areusunhaeia erat ausulstuskins Ip 5.0 5.0 4.4 4.4 A 
Pulsed Drain Current (3) ........ cc eee e cece eee eee eees IDM 32 32 28 28 A 
Gale-Source VONage oa sascwa sents gets ons wwe sie mess Ves +20 £20 £20 +20 V 
Maximum Power Dissipation 

WG 20° O ake s atevactesbebemeee Wenae eeinaekecmake Pp 125 125 125 125 W 
Linear Derating:FactOl isc cea vihooerisorecssbebes te peeas 1.0 1.0 1.0 1.0 W/9C 
Inductive Current, Clamped ......... ccc cece ewer e ewes ILM 32 32 28 28 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............6.. Eas* 510 510 510 510 mij 
Operating and Storage Junction .............0 eee Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering .............-. TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


4. Vop = SOV, starting Ty = +25°C, L = 14mH, Reg = 252, IpeaK = BA. 
5ee Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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File Number 
4-259 


IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA eae eee 
V 
Ee ee eee ae 


IRF440/442, IRF440R/442R 

IRF441/443, IRF441R/443R 
[Gate Threshold Voltage | Vasqm |Vos=Vas.Ip=280uA_—~S~S~sSC | = +d | 
Wes=20v SSCS i t0 


Gate-Source Leakage Reverse lass. |Vags=-20V ee ee ee 
Zero Gate Voltage Drain Current lpss__| Vps = Max Rating, Vgg = OV i ee ee ee 
Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
Ty = +125°9C 
On-State Drain Current (Note 2) Vps > ID(ON) X (DS(ON) Max: VGS = 10V 
IRF440/441, IRF440R/441R A 
IRF442/443, IRF442R/443R Oe ee ee ee 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 4.4A 
Resistance (Note 2) 
IRF440/441, IRF440R/441R 0.70 2 
IRF442/449, IRFA42R/44GR Br ee 
Forward Transconductance (Note 2) Vps > 5OV, Ip = 4.44 | 49 | 75 [| - | SW) 
Input Capacitance Iss | Vas = OV, Vps = 25V, f = 1.0MHz } =) | 1225 | - | pF i 
Output Capacitance See Figure 10 ee oe a 
Reverse Transfer Capacitance | - | 85 | - | pF | 
Turn-On Delay Time Vpop = 250V, Ip = 8A, Rg = 9.19 | = | 6 | 21 | ns | 
Rise Time See Figure 16. (MOSFET switching times 35 
bil oe coniaiyindesencertctesesiing © [2 =p eee 
Turn-Off Delay Time temperature) | - {| 49 [{ 74 | ns | 
Fall Time i ee ee 
Total Gate Charge Vas = 10V, Ip = 8A, Vpg = 0.8V Max 42 63 nC 
GS D DS 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


(Gate charge is essentially independent of 
Gperatingtari perce) [eae ee (ea oe 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source Jead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


r- 


ou Olo = 
a 49) ‘o) 2 a NIM ” 
© mn MIM op) 


Internal Source Inductance 


Junetion-To- Case aT 
Case-to-Sink . cs | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S . 


Pulse Source Current 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Vsp_| Ty = +25°C, Is = 8.0A, Veg = OV | 20 J Vv 
Reverse Recovery Time Ty = +2596, If = 8.0A, dig/dt = 100A/p1s 210 970 | ns | 


oy 


Reverse Recovered Charge Ty = +259C, Ir = 8.0A, dig/dt = 100A/us 


Forward Turn-on Time ton Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLg + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 14mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, Ipeak = 8A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF440, IRF44.1, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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DUTY FACTOR, D=t,/to 


t4, RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 


IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 


Performance Curves (Continued) 
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FOR TEST CIRCUIT 


PEST 
0 Bn — SEE FIGURE 16 
4 2 5 40 2 5 102 


Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) - ra a = ae 
Gg. TOTAL GATE CHARGE (nC) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 


Performance Curves (Continued) 


442, IRF443 
442R, IRF443R 


DRAIN~TO-SOURCE ON RESISTANCE 


Ip. ORAIN CURRENT (AMPERES) 


Ros (on): 


0 

25 50 75 100 1 
Tc. CASE TEMPERATURE (°C) 

Ip. DRAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


GS ‘mi 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


N-CHANNEL 
POWER MOSFETs 


E,= 0.5BVpsg Ec= 0.75 BVpss 


BVoss 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
Rp BATTERY BF 


I Rg + 
Ves= 4 | ~ Yop 
PULSE WIDTH < 1S | | 1.5mA 
DUTY FACTOR < 0.1% te) a 


“Vos 
IG CURRENT —L. Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS 


August 1991 


Features 


IRF450/451/452/453 
IRF450R/451R/452R/453R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


© 11A and 13A, 450V - 500V 

® rps(on) = 0.42 and 0.52 

¢ Single Pulse Avalanche Energy Rated* SOURCE 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


GATE 
¢ High Input Impedance 


Description 


The IRF450, IRF451, IRF452, and IRF453 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF450R, IRF451R, IRF452R and IRF453R types are 
advanced power MOSFETs designed, tested, and guaranteed 


Terminal Diagram 


TO-204AA 


DRAIN 


f (FLANGE) 


N-CHANNEL ENHANCEMENT MODE 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF450 IRF451 IRF452 IRF453 
IRF450R IRF451R IRF452R IRF453R UNITS 
Drain-Source Voltage (1) ...... secs eee e cece ccececes Vos 500 450 500 450 V 
‘ Drain~Gate Voltage (RGS = 20KQ)(1)....... ee eee eee VDGR 500 450 500 450 V 

Continuous Drain Current 

TOG a ilies tending ah ates eee seswed ae Ip 13 13 11 11 A 

TOS 41009G oaccicusxsencentinsninaeaua vawees vee Ip 8.1 8.1 7.2 7.2 A 
Pulsed Drain Current (3) ...... cc cece sce c cece ec eececens IDM 52 52 44 44 A 
Gate-Source Voltage ....... cc cccee eee cceccceeeneves Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

VES 2900S nck enw eaiiwer ness pei belen ewe pads dues Pp 125 125 125 125 WwW 
Linear Derating Factor. iciscssawiedi i venwesanaveadownweds 1.2 1.2 1.2 1.2 W/°G 
Inductive Current, Clamped ..............cceeeeeeeeees ILM 52 52 48 48 A 

(See Figure 14, L = 100u:H) 
Single Pulse Avalanche Energy Rating (4).........0.e08- Eas* 860 860 860 860 mj 
Operating and Storage Junction .............. 00. Ty TSTG ~55to+150 -55to+150 -55to+150 -55to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 ie) 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


5ee Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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File Number 


4. Vpp = 25V, starting Ty = +25°C, L = 9.2mH, Reg = 250, IpeaK = 13A. 


1827.1 


IRF450, IRF451, IRF452, IRF453 IRF450R, IRF451R, IRF452R, IRF453R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pnA a a 
Vv 


IRF450/452, IRF450R/452R 


IRF451/453, IRF451R/453R | 450 | - [| - | Vv | 
[Gate ThreshoidVottage ___—«dtV@sqm) |VpS=VGs,Ip=2500a—SSS~=~“—~*~s CTC SCT (COC 
igss 


Zero Gate Voltage Drain Current 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +125°9C 


VDS > ID(ON) X DS(ON) Max: VGS = 10V 


Ipss 


On-State Drain Current (Note 2) 
IRF450/451, IRF450R/451R 


IRF452/453, IRF452R/453R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF450/451, IRF450R/451R 


IRF452/453, IRF452R/453R 


ots 
Vas = OV, Vps = 25V, f = 1.0MHz 
Sone te 
Lp 
Ls 


ID(ON) 


(DS(ON) | VGS = 10V, Ip = 7.2A 


alo 
BIB |e 
” 
1m | 


Vpop = 2507, Ip = 138A, Rg = 6.22 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 13A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Total Gate Charge 
(Gate-Source + Gate-Drain) 
Gate-Source Charge | Qgs | 


Gate-Drain (‘Miller’) Charge 
pins and center of 


Internal Drain Inductance 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Junction-to-Case RoJc 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) ; symbol showing the 
integralreverse  . 
P-N junc. rectifier. G 
S 


Pulse Source Current 
(Body Diode) (Note 3) 
Ty = +259C, Is = 13A, Vag = OV 


nc 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 


internal Source Inductance 


—] on 
~J 
ye) 


wk 


as 
no 
on 
4 
rer) 
7 A) 
=] 


i é) 


_ —_ _ 
Bl Ola 


< 


Is 
ISM 
Diode Forward Voltage (Note 2) , ; 
Reverse Recovery Time Ty = +2596, Ip = 13A, die/dt = 100A/us 
Reverse Recovered Charge | Qrar_ | Ty=+25°C, Ip = 13A, dip/dt = 100A/us 3.2 


=a 
ye) 
(oe) 
O 


7.5 uG 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +.Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 9.2mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 13A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF450, IRF451, IRF542, IRF453 IRF450R, IRF451R, IRF542R, IRF453R 


Performan ce Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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THERMAL RESPONSE (Zpp jc) 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 


4-266 


IRF450, IRF4517, IRF452, IRF453 IRF450R, IRF4517R, IRF452R, IRF453R 


Performance Curves (Continued) 


TRANSCONDUCTANCE (SIEMENS) 


s° 


Of 
Ipg. REVERSE ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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BVpsg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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Cc 
2 
Ww 
oO 
106 

.75 0.0 

=60 -40 -20 0 20 40 60 80 100 120 140 160 -50 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE ( °C) Ty, JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 


TEMPERATURE 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE , GATE-TO-SOURCE VOLTAGE 
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 IRF450, IRF451, IRF452, IRF453 IRF450R, IRF457R, IRF452R, IRF453R 


Performance Curves (Continued) 


2.0 


Ros (on): DRAIN-TO-SOURCE ON RESISTANCE 


Ip. DRAIN CURRENT (AMPERES) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


E, = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


Vgsg= 10V 


PULSE WIDTH < 1pS 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


450, IRFP451 
450R, IRFP451R 


DRAIN CURRENT (AMPERES) 


Ip. 


0 100 1 150 
Tc. CASE TEMPERATURE ( °C) 


FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vos 


DUT. 
VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Ves= 10V |—<————>> 
i] ' 


FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


Res 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 

SAME 

— TYPE 

12V {0.2 AS DUT 
BATTERY '}F 
pen 


-Vos 
Ig CURRENT —L Ip CURRENT 
SAMPLING RESISTOR ™ SAMPLING RESISTOR 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS IRF460 
IRF462 


N-Channel Power MOSFETs 


August 1991 Avalanche-Energy Rated 
Features Package 
TO-204AE 
e 21A and 19A, 500V BOTTOM VIEW 
® rps(on) = 0.272 and 0.352 
; DRAIN 
e Single Pulse Avalanche Energy Rated SOURCE 


Vi (FLANGE) 
e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF460 and IRF462 are advanced power MOSFETs | Terminal Diagram 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE 


These are n-channel enhancement-mode silicon gate power a 
field-effect transistors designed for applications such as D 4 to 
switching regulators, switching converters, motor drivers, relay |= of 
drivers, and drivers for high-power bipolar switching transis- , = = 
tors requiring high speed and low gate-drive power. These Pry 
types can be operated directly from integrated circuits. G > = 
The IRF-types are supplied in the JEDEC TO-204AE metal = 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF460 IRF462 UNITS 

Continuous Drain Current 

TG 250 C ee awere east eee eee lnieesi ID 21 19 A 

T 41000 win seated apes eeauncnaaaeceveusesecouuens Ip 14 12 A 
Pulsed. Drain Gurent()) oi.co5 cede eee eh cae ces teu uGas te awaees IDM 84 76 A 
Gate-Source Voltage: cisicc cies cssvass obs e ree ebseeedaans Ves +20 +20 V 
Maximum Power Dissipation 

Tt 259 kcae Ay tas ea ee sae aaeaas ale ote we aeaeaeae Pp 300 300 W 
Linear Derating Factor.......ccccccccncsvecscceteccesscussacecs 2.4 2.4 W/9°C 
Single Pulse Avalanche Energy Rating (2)............eeeeeee: Eas* 1200 1200 mij 

See Figure 14 
Avalanche Current, Repetitive or Non-repetitive (1).......... ... IAR 21 21 A 
Operating and Storage JUNCTION ...... 2 cece eee ee eee Ty TSTG ~55 to +150 -55 to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............0eseevees TL 300 300 OC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


2. Vop = SOV, starting Ty = +25°C, L = 4.9mH, Regs = 25N, Peak IL =21A. 
3. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2277.1 
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IRF460, IRF462 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tj) = 25°C Unless Otherwise Specified | 


Typ. 
BVpsg__Drain-to-Source Breakdown Voltage Ves = OV, Ip = 250 pA 


RpSion) Static Drain-to-Source IRF460 Ves _ 10V, Ip = 12A 


On-State Resistance © a 
ID(on) - On-State Drain Current @ IRF460 cy Vps > !Dion) X Rpsion) Max. 
wh Vps = Max. Rating, Veg = OV 
Vps = 0.8 x Max. Rating 
Ves = OV, Ty = 125°C 


VGsith) Gate Threshold Voltage 
= 10V, Ip = 21A 


Vps = 0.8 x Max. Rating 
See Fig. 16 


f=) 
N 
N 


21 


Sts Forward Transconductance @) 
loss —« Zero Gate Voltage Drain Current 


Qod Gate-to-Drain (‘Miller’) Charge Ree ee n (Independent of operating temperature) 
tdion) _ Turn-On Delay Time, auc | — | 23 | 35 | ns | Vpp = 250\ Ip ~ 21A, Rg = 4.30 

tdiof) Turn-Off Delay Time See Fig. 15 

tf Fail Time ALL (Independent of operating temperature) 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 


Internal Drain Inductance Modified MOSFET symbol 
showing the internal 


inductances. 


Lp 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 


ls Internal Source Inductance 


Ves = OV, Vos = 25V 
f = 1.0 MHz 
See Fig. 10 


0.10 ea °C/W | Mounting surface flat, smooth, and greased 


© Repetitive Rating; Pulse width limited by @® Pulse width < 300 ps; Duty Cycle < 2% 
maximum junction temperature (see figure 5) 
Refer to current HEXFET reliability report 


Ciss Input Capacitance 
Cosg -—- Output Capacitance 
Crs Reverse Transfer Capacitance 


Rthuc _ Junction-to-Case 


Rthus Case-to-Sink 


Rrhya _ Junction-to-Ambient 


@® @Vpp = 50V, Starting Ty = 25°C, 
L = 4.9 nH, Rg = 262, 
Peak I, = 21A. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Continuous Source Current Modified MOSFET symbol showing the integral 
(Body Diode) Reverse p-n junction rectifier. 


QrR Reverse Recovery Charge ALL 
ton Forward Turn-On Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 
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IRF460, [RF462 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


5 OPERATION IN THIS AREA LIMITED 
BY Ros (ON) 
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N-CHANNEL 
POWER MOSFETs 


manne oik aN 
aa i yids ane NMn Bey 
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ee eel ea Da Ree 


Ip: DRAIN CURRENT (AMPERES) 


PS Ae 
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7 


16 20 1 @ 5 10 2 5 102 2 5 1403 
Vos: priieaoe seine one (VOLTS) Vig: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44230 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


Ip. ORAIN CURRENT (AMPERES) 


THERMAL RESPONSE (Zep, jc) 
IMC 


4079 1074 1073 0.1 4 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) 


Fiq. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRF460, IRF462 


Vos > 50V 
80ps PULSE TEST 


TRANSCONDUCTANCE (SIEMENS) 


9fs: 


0 8 16 24 32 40 
Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


BVnss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


.75 
=60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdown voltage vs. temperature. 


Ves = QV, f = 4MH2 
= G S + Cad: Cas SHORTED 


4000 


CAPACITANCE (pF) 


c, 


Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Ipp. REVERSE DRAIN CURRENT (AMPERES) 


0.1 
0.0 ‘ ; 1.6 2. 


Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


0 
-60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE (PC) 


Fig. 9 - Normalized on-resistance vs. temperature. 


GATE-TO-SOQURCE VOLTAGE (VOLTS) 


Ves: 


FOR TEST CIRCUIT 
SEE FIGURE 16 
0 40 80 120 160 200 
TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRF460, IRF462 


Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 
Ip. ORAIN CURRENT (AMPERES) 


0. 0 
0 20 40 60 80 100 25 50 75 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE ( °C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
Vos 


VARY ty TO OBTAIN 
REQUIRED PEAK |, 


'p 


N-CHANNEL 
POWER MOSFETs 


Fig. 14a - Unclamped inductive test circuit. . Fig. 14b - Unclamped inductive waveforms. 


VGS 


90% 


Re 


Vgs = 10V | | 10% 


PULSE WIDTH < 1 us 


I td(on) | 


DUTY FACTOR <0.1% td(oft) 
Fig. 15a - Switching time test circuit. Fig. 15b - Switching time waveforms. 
+Vns 
CURRENT 7 
ISOLATED 
REGULATOR UPPLY) 


SAME TYPE 
AS DUT 


10V --—— —— —-—-—-—-—-—— — 


VG | | 
GATE ; 1.5 mA 
VOLTAGE es O -Vps 
IG = ‘' 
——= SAMPLING SAMPLING 
CHARGE RESISTOR RESISTOR 
Fig. 16a - Basic gate charge waveform, Fig. 16b - Gate charge test circuit. 
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Features 


IRF510/511/512/513 
IRF510R/511R/512R/513R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


e 4.9A and 5.6A, 80V - 100V 

® rps(on) = 0.542 and 0.74 

¢ Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF510, IRF511, IRF512, and IRF513 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF510R, IRF511R, IRF512R and IRF513R types are 
advanced power MOSFETs designed, tested, and guaranteed 


Package 
TO-220AB 
TOP VIEW 
DRAIN = a 
EE ——— 
(FLANGE) SOURCE 


Ey 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF510 IRF511 IRF512 IRF513 
IRF510R IRF511R IRF512R IRF513R UNITS 

Drain-Source Voltage (1) .. 1... ce cee cee cece cence eee Vps 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20kKQ)(1)........ eee ee eee VDGR 100 80 100 80 V 
Continuous Drain Current _ 

25 OC a nes madPap rane daneniamikndiwcnuere Ip 5.6 5.6 49 4.9 A 

TO OOO as cried s deckehestennad saree aetewn teres Ip 4 4 3.4 3.4 A 
Pulsed Drain Current (3) ....... 0. cee cece reece tee enes IDM 20 20 18 18 A 
Gate-Source Voltage ...ccesstvdeescccccsvewsvsecses Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TESA oii oven weoues eariwowe thea wn emeians Pp 43 43 43 43 W 
Linear Derating Factor......... cc cece cece cece een en eenes 0.29 0.29 0.29 0.29 W/9G 
Inductive Current, Clamped .......... 00. ceee eee we neon ILM 16 16 14 14 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 19 19 19 19 mJ 
Operating and Storage Junction ..............006- Ty TsTtgG -55to+175 -55to+175 -55to+175 -55to+175 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +1509C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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4. Vpp = 25V, starting Ty = +25°C, L = 910nH, Regs = 252, IpeaK = 5.6A. 
See Figure 15. 


1573.1 


File Number 


IRF510, IRF5717, IRF5712, IRF513 IRF570R, IRF5717R#, [RF512R, IRF573R 


La a ns 


fro | - | - |v 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_|VGs= OV, Ip = 250pA 
IRF510/51 2, IRF510R/512R 


IRF511/513, IRF511R/513R ey Ga ae ee ee 
[Gate ThresholdVoltage | Ves |Vos=Vas.Ip=2500A_—=SC~—“~*~*~sSCO YC SC«dSC 


|Gate-SourceLeakageForward | Iass_|Vas=20V0 800A 


nA 
nA 


Gate-Source Leakage Reverse lass |VGs=-20V | = jf - | -500 | nA | 
Zero Gate Voltage Drain Current lpss_| Vps = Max Rating, Vgg = OV | - | - | 250 | pA | 
Vps = Max Rating x 0.8, Vas = OV, 1000 A 
Ty = +150°C 
On-State Drain Current (Note 2) ID(ON) | YDS > ID(ON) X DS(ON) Max: V@s = 10V 
IRF510/511, IRF510R/511R A 
IRF512/513, IRF512R/513R ee ee ee ae 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip =3.4A 
Resistance (Note 2) 
IRF510/511, IRF510R/511R 0.4 co) 
IRF512/513, IRF512R/513R ae 
Forward Transconductance (Note 2) | gts _| Vps > 50V, Ip =3.4A | 13 [ 20 { - | SU) 
Input Capacitance Ciss_ _| Vas = OV, Vps = 25V, f = 1.0MHz i ee ee ee 
Suiput Capactancs Sogs_| Se° Fiaure 10 Seal Fd ES 
Reverse Transfer Capacitance Crss 20 | - | pF i. 
Vpp = 50V, Ip = 5.6A, Rg = 249 


See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Total Gate Charge | es Vgs = 10V, Ip = 5.64, Vps = 0.8V Max 
| Qgs | 


—)] MO 
my on 
c 
oO 


(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge (Gate charge is essentially independent of 


x operating temperature. 
Gate-Drain (‘Miller’) Charge | Qga | ‘ ee 
Lb 


Internal Drain Inductance Measured from the 


contact screw on 
tab to center of die 
Ls 
Junction-to-Case Rosc 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 
Junction-to-Ambient RQJA Free air operation 
Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse - 
(Body Diode) (Note 3) P-N junc. rectifier. 
S 


Ty = +259C, Ig = 5.6A, Vgs = OV 
Ty= 


i?) 


re 
3] 5 
QO 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


internal Source Inductance 


Ty = +259C, Ip = 5.6A, dif/dt = 100A/ps 
Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +259C, L = 910yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Ras = 250, IpeEAK = 5.6A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 


= +2506, If = 5.6A, dif/dt = 100A/us 
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POWER MOSFETs 


IRF570, IRF517, IRF512, IRF513 IRF510R, IRF5117R, IRF512R, IRF513R 


Performance Curves 
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IRF510, IRF5177, IRF512, IRF513 IRF510R, IRF511R, IRF512R, IRF513R 


Performance Curves (Continued) 


BVpsg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
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Ipq. REVERSE ORAIN CURRENT (AMPERES) 


Vp. SOURCE-TO-ORAIN VOLTAGE (VOLTS) 


VOLTAGE 


Ves = 10V 


Ty. JUNCTION TEMPERATURE ( °C) 


FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


P SEE FIGURE 17 
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FIGURE 11. TYPICAL GATE CHARGE vs 
GATE-TO-SOURCE VOLTAGE 
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N-CHANNEL 
POWER MOSFETs 


IRF5170, IRF5717, IRF512, IRF51713 IRF5170R, IRF511R, IRF512R, IRF513R 


Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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IRF520/521/522/523 


IRF520R/521R/522R/523R 


August 1991 


Features 

® 8A and 9.2A, 80V - 100V 

®* rps(on) = 0.272 and 0.362 

¢ Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF520, IRF521, IRF522, and IRF523 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF520R, IRF521R, IRF522R and IRF523R types are 
advanced power MOSFETs designed, tested, and guaranteed 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-220AB 
TOP VIEW 
jeunes —====> SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


w” 
to withstand a specified level of energy in the breakdown D — tis 
avalanche mode of operation. All of these power MOSFETs are a a 
designed for applications such as _ switching regulators, = > 
switching converters, motor drivers, relay drivers, and drivers Pa) fe 
for high-power bipolar switching transistors requiring high G == 
speed and low gate-drive power. These types can be operated = 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF520 IRF521 IRF522 IRF523 
IRF520R IRF521R IRF522R IRF523R UNITS 

Drain-Source Voltage (1) ..... eee e cece cece cece ences Vos 100 80 100 80 V 
Drain-Gate Voltage (RGg = 20kKM) (1)..... 6... eee wees VDGR 100 80 100 80 V 
Continuous Drain Current 

TGS 2 59S wicca una recunbacnSenmeceausaaeies Ip 9.2 9.2 8 8 A 

TS = F100 CO heise lech ea eens oe ewwa bees cei ws ID 6.5 6.5 5.6 5.6 A 
Pulsed Drain Current (8) 0... . ccc ccccencsercvcenceees lDM 37 37 32 32 A 
Gale=Source VONAGE i siiiiina taka Saadis weed eennwnntie ss Vas +20 +20 £20 +20 V 
Maximum Power Dissipation . 

WG F200 i ckscaieneiiar codusinn ane yaeaene areas Pp 60 60 60 60 WwW 
Linear Derating Factor... ....... cece ccc e eee c cece eee eeeee 0.4 0.4 0.4 0.4 W/°C 
Inductive Current, Clamped .......... ccc cece eee ee enone ILM 32 32 28 28 A 

(See Figure 14, L = 1001) 
Single Pulse Avalanche Energy Rating (4)..........00006 Eas* 36 36 36 36 mJ 
Operating and Storage Junction ............. eee. Ty, TsTtG ~-55to+175 -55to+175 -55to+175 -55to+175 °C 

Temperature Range 

Maximum Lead Temperature for Soldering .............+. TL 300 300 300 300 °C 


' (0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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4. Vop = 285V, starting Ty = +25°C, L = 640nH, Res = 252, 
IPEAK = 9.2A. See Figures 15 & 16. 
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File Number 


[RF520, IRF5217, IRF522, IRF523 IRF520R, IRF5217R, IRF522R, IRF523R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| | LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss__| Vas = OV, Ip = 250uA Niele Seek ws tte aite 
100 Vv 


IRF520/522, IRF520R/522R 
i ee ee 


IRF521/523, IRF521R/523R 


Gate Threshold Voltage Vasc [Vos =Vas, Ip = 250nA P20 [| - | 40 | v_ 
Gate-Source Leakage Forward less |VGs=20v | - | = | 500 | nA | 
Gate-Source Leakage Reverse Iass_ |VGs=-20V | = [| - | -500 | nA | 
Zero Gate Voltage Drain Current Ipss__|Vps = Max Rating, Veg = OV | = | -- | 250 | pA | 

. Vps = Max Rating x 0.8, Vas = OV, pA 
Ty =+150°C 
On-State Drain Current (Note 2) ~ IDION) | YDS > '!D(ON) X DS(ON) Max: Vas = 10V 
IRF520/521, IRF520R/521R A 
IRF522/523, IRF522R/S23R an a ee aes 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 5.6A 
Resistance (Note 2) | 
IRF520/521, IRF520R/521R 0.27 2 
IRF522/523, IRF522R/523R | - | 0.27 | 0.36 
Forward Transconductance (Note2) | gts __| Vpg.> SOV, Ip = 5.6A | 27 | 44 | - | SO) 
Input Capacitance Ciss | Vas = OV, Vps = 25V, f = 1.0MHz | = | 350 | - | pF 
Output Capacitance Coss_] $e Figure 10 ee Le 
Reverse Transfer Capacitance Crss i Ee ee 
Turn-On Delay Time taony | VbD = 50V, Ip = 9.2A, Fig = 180 a ee 
See Figure 16. (MOSFET switching times 30 
- ee are essentially independent of operating eee a es 
Turn-Off Delay Time td(OFF temperature) | - {| 18 | 29 [ ns | 
Fall Time re = [20 f 30 [ne | 
Total Gate Charge Ves = 10V, Ip = 9.2A, Vps = 0.8V Max 10 15 nG 
(Gate-Source + Gate~Drain) Rating. See Figure 17 for test circuit. 
te-S Ch a (Gate charge is essentially independent of _ 

pate Soutce Charge a a Oe) ing emperaiire) eae ae ae 
Gate-Drain ("Miller") Charge | Qgd C28 | - fc | 
Internal Drain Inductance Lp Measured from the Modified MOSFET 3.5 nH 

contact screw on symbol showing the 

tab to center of die internal device 

inductances. 

Measured from the nH 

drain lead, 6mm 

(0.25in.) from pack- 

age to center of die 
Internal Source Inductance Ls Measured from the 0 nH 

source lead, 6mm 

(0.25") from header 

and source bonding 

pad. 
Junction-to-Gase Roc | TTTCTSCSC~wd SC 
Case-to-Sink Recs | Mounting surface flat,smoothandgreased [| - | 05 | - | °C/W 
Junction-to-Ambient Roya __ | Free air operation | - | - | 80 | °C/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 


ISM 


oO 
“J 


Diode Forward Voitage (Note 2) Ty = +2506, Ig = 9.2A, Vag = OV a es 
| Reverse Recovery Time | tre =| Ty = +2506, If = 9.2A, di/dt = 100A/ps | 100 | 240 | 

Reverse Recovered Charge | QrRR_ | Ty=+259C, I = 9.2A, dig/dt = 100A/us | 05 | 14 | uc 

Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 640uH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpeaKk = 9.2A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 15 & 16) 
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IRF520, IRF5217, IRF522, IRF523 IRF520R, IRF5217R, IRF522R, IRF523R 


Performance Curves 


Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


Lhe) 
Vos: ORAIN-TO-SOURCE VOLTAGE “Wouts) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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N-CHANNEL 
POWER MOSFETs 


IRF520, IRF521, IRF522, IRF523 IRF520R, IRF521R, IRF522R, IRF523R 


Performance Curves (Continued) — 


= 
is 
WY, 
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Ipq. REVERSE DRAIN CURRENT (AMPERES) 
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FIGURE 6, TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
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Ves = OV, f= {MHz 

Cisg 7. Cgg * Cgg. Cys SHORTED 

Crs = Cgg 

Coss = Cys * Cgs Cgg / (Cys + Coq) 
Cys + Cag 


C, CAPACITANCE (pF) 
Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 1 1. TYPICAL GATE CHARGE vs 


VOLTAGE . GATE-TO-SOURCE VOLTAGE 
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IRF520, IRF521, IRF522, IRF523 IRF520R, IRF521R, IRF522R, IRF523R 


Performance Curves (Continued) 
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40 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


as= a 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


eet] 


ra 


N-CHANNEL 
POWER MOSFETs 


E, = 0.5BVpsg Eg= 0.75 BVpss 


BYpss 
tp / Vos 
l_—»y Vpp 
ie 
FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+ Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 


Rp BATTERY HF 


h Rg + 
Ves= 4 | _YDD 


PULSE WIDTH < 14S F | | 1.5mA 


DUTY FACTOR < 0.1% ones 
iG CURRENT Ip CURRENT 
— SAMPLING RESISTOR — eUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

e 12A and 14A, 80V - 100V 

® rps(on) = 0.162 and 0.230 

¢ Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF530, IRF531, IRF532, and IRF533 are n-channel 


IRF530/531/532/533 
IRF530R/531R/532R/533R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-220AB 
TOP VIEW 
TAGE: => _ SOURCE 


Terminal Diagram 


enhancement-mode silicon-gate power field-effect transis- 


tors. IRF530R, IRF531R, IRF532R and IRF533R types are 


advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 


package. 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +259°C), Unless Otherwise Specified 


IRF530 IRF531 IRF532 
IRF530R IRF531R IRF532R 

Drain-Source Voltage (1) 2... .. cece cee cece cece ee eeee Vos 100 80 100 
Drain-Gate Voltage (RGS = 20k) (1). ..... 0. cece eee VDGR 100 80 100 
Continuous Drain Current 

VG F259 Cains Kc ewan etarde vat atose saaueas ete Ip 14 14 12 

NG O09 Cine Ga ects sues Gaeeltan eds tak mete Ip 10 10 8.3 
Pulsed Drain Current (S) asvs scteus asses tweeece siieniens IDM 56 56 48 
Gate-Source Voltage ......cscenecccccccenncccssvece Ves +20 +20 +20 
Maximum Power Dissipation 

G4 200G oie ere cesrGies wees ekae caw awewaine ee Pp 79 79 79 
Linear Derating. Factores 02 sic ase bas eee eee ewes bev new es 0.53 0.53 0.53 
Inductive Current, Clamped ......... cece reece ce cee veces ILM 56 56 48 

(See Figure 14,L = 100,1H) 
Single Pulse Avalanche Energy Rating (4)............06. Eas* 69 69 69 
Operating and Storage Junction ............0.e0ee Ty Tstq ~-55to+175 -55to+175 -55to+175 

Temperature Range 

Maximum Lead Temperature for Soldering .............6- TL 300 300 300 


(0.063” (1.6mm) from case for 10s) — 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


4. Vop = 25V, starting Ty = +25°C, L = 530uH, Reg = 25, 


IPEAK = 14A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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IRFS533 


IRF533R 


69 


-55 to +175 


300 


File Number 


UNITS 


<< 


1575.2 


IRF530, IRF5317, IRF532, IRF533 IRF530R, IRF5317R, [RF532R, IRF533R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA re eae 
V 


IRF530/532, IRF530R/532R 


(RFS91/599, IRFSOTRVSOSR Ce eae a 
Gate Threshold Voltage Vascty) |Vps=Vas) Ip = 250pA | 20 | - {| 40 | Vv | 
Gate-Source Leakage Forward less |Vas=20V | - | - | 500 
Gate-Source Leakage Reverse less |VGqg=-20V | - | -  [ -500 [| nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgs = OV |} - | - | 250 

Vps = Max Rating x 0.8, Vas = OV, 1000 pA 
Ty = +1259C 
On-State Drain Current (Note 2) ID(ON) | YDS> !D(ON) X DS(ON) Max VG@s = 10V 

IRF530/531, IRF530R/531R 14 A 

TESST EgS RESSESTTE ae ae 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 8.3A 
Resistance (Note 2) 

IRF530/531, IRF530R/531R 0.14 0.16 co) 

iF SGa/609, IRFSSER/EGOR [20 [o28 [a 
Forward Transconductance (Note 2) Sts Vps > 50V, Ip = 8.3A | 5.1 | 76 | - | S@) 
ss] Ves =0¥, Vos=28v,i=10MRz | | “eo | > oF 
aes Soe Figure 1 Ol 
Reverse Transfer Capacitance | = | 50 | = |) pF 
Turn-On Delay Time Vpp = SOV, Ip = 14A, Rg = 120 fo o= 6 | 12 df 618 | ons 
Seo Figure 18. (mosrePewichingtines [| a5] si [na] 


are essentially independent of operating 
temperature) 


Turn-Off Delay Time "| td(OFF 
Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 0 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Vas = 10V, Ip = 14A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


re 


D alolo 
3/3 |S o fa ong 16 1219 |e 
M1 Zz ID 10 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


internal Source Inductance 


i 
.¢) 


Junction-to-Case 
Case-to-Sink 


Junction-to-Ambient OJA 


Mounting surface flat,smoothandgreased | - | 05 | 


Free air operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Ty = +259C, Ig = 14A, Vag = OV 
Ty = +2596, Ir = 14A, dig/dt = 100A/us 5.5 250 | ns | 
Ty = +259C, Ip = 14A, dig/dt = 100A/us 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


ISM 


Diode Forward Voltage (Note 2) Vsp 
Reverse Recovery Time 


Reverse Recovered Charge 0.26 
Forward Turn-on Time ton Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 350uH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeaK = 14A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF530, IRF537, IRF532, IRF533 IRF530R, IRF531R, IRF532R, IRF533R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 4. MAXIMUM SAFE OPERATING AREA 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF530, IRF531, IRF532, IRF533 IRF530R, IRF531R, IRF532R, IRF533R 


Performance Curves (Continued) 
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Gts: 
Inq. REVERSE DRAIN CURRENT (AMPERES) 
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Ip. ORAIN CURRENT (AMPERES) Vcop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
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Ke 
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> FOR TEST CIRCUIT 

SEE FIGURE 17 
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Vog: DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 


VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF530, IRF5317, IRF532, IRF533 IRF530R, IRF537R, IRF532R, IRF533R 


Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

© 25A and 28A, 80V - 100V 

® rps(on) = 0.0772 and 0.100 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRF540, IRF541, IRF542, and IRF543 are n-channel 
enhancenient-mode silicon-gate power field-effect transis- 
tors. IRF540R, IRF541R, IRF542R and IRF543R types are 
advanced power MOSFETs designed, tested, and guaranteed 


IRF540/541/542/543 


IRF540R/541R/542R/543R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-220AB 
TOP VIEW 
aCe —====> SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


” 
to withstand a specified level of energy in the breakdown D ay ir 
avalanche mode of operation. All of these power MOSFETs are = 
designed for applications such as switching regulators, = = 
switching converters, motor drivers, relay drivers, and drivers os ce 
for high-power bipolar switching transistors requiring high G += 
speed and low gate-drive power. These types can be operated = 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRF540 IRF541 IRF542 IRF543 
IRF540R IRF541R IRF542R IRF543R UNITS 
Drain-Source Voltage (1) ...... ccc eee cee tee eens Vps 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20K22) (1)... ... ee ee eee VDGR 100 80 100 80 V 
Continuous Drain Current 
NG HA 289 asvanc ste vette welreseiwsabena hee’ ID 28 28 25 25 A 
VG Sb 100° Ci ies cain peta hae esaitege sa oes Ip 20 20 17 17 A 
Pulsed Drain Gurrent (3) 2 css eecv eee ee ec teelans ob eee en's IDM 110 110 100 100 A 
Gaté-Source Voltage) ses sciy as ad ta ewes see ees VeGs +20 +20 +20 £20 V 
Maximum Power Dissipation 
NGS 2 o0G: Sipe eee Fy a een ee ee Reese Pp 150 150 150 150 W 
Linear Derating Factor........cccccccccsccccscvcescuunces 1.0 1.0 1.0 1.0 W/9CG 
Inductive Current, Clamped .......... ce cee eee eee eee ILM 108 108 96 96 A 
(See Figure 14, L = 100p1H) 
Single Pulse Avalanche Energy Rating (4)....../........ Eas* 230 230 230 230 mJ 
Operating and Storage Junction ...........2e eee Ty TSTG ~55to+175 -55to+175 -55to+175 -55to+175 °C 
Temperature Range ; 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1, Ty = +25°C to +150°C. 4. Vop = 285V, starting Ty = +25°C, L = 440nH, Reg = 252, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 28A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2309.1 
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IRF540, IRF547, IRF542, IRF543 IRF540R, IRF547R, IRF542R, IRF543R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL | TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250ynA 
IRF540/542, IRF540R/542R 


Sa a wes 


fio | - | - |v 


IRF541/543, IRF541R/543R | | go | - [| - | vil 
[GateThresholdVoltage _———=«d; Vasa |Vos=Vas Ip=250A | 2 ST | OT CC 


[Gaie-Sourco Leakage Foward | less [Veg=20V = = 800k 
[Gato-Source Leakage Reverse | less [Vas=-200 800 J 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV | =: | = | 250 | pA | 


Vps = Max Rating x 0.8, Vgsg = OV, 1000 pA 
Ty = +1259C 
28 A 


On-State Drain Current (Note 2) 
IRF540/541, IRF540R/541R 


IRF542/543, IRF542R/543R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF540/541, IRF540R/541R 


ID(ON) | YDS> !D(ON) X DS(ON) Max: V@s = 10V 


NO 
on 


Vq@s = 10V,Ip = 17A 


oO 
O;|: 
— 
io) 


«x1 2 

ad oe 
a 
o 
ba | 
~/ 


a 
aS 
oO 
oO 


Sts Vps 2 50V, Ip = 17A 
Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


o1 
oi) 
E 


4 
oO 
oO 

TT 


Vpp = 5OV, Ip = 28A, Rg = 9.19. 


See Figure 16.(MOSFET switching times 


[ats 
sec ee 
oa ee 
Lae 
[ga 


| 
oe) 
a, 
as 
eo) 


4 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (‘Miller’) Charge | 
Internal Drain Inductance 


on 
Lo ) 


VGgs = 10V, Ip = 28A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


QO 


to 
re 
@) 


B in — 
r o on (o) oO 
_ nj N 
ro) olan 
=z 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


D Measured from the 
contact screw on 
tab to center of die 


<= 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


; Y 
=] S}3]5 3 roe nol Can 


o 
~J 
wo 
fo) 


Internal Source Inductance Ls Measured from the 7.5 nH 

source lead, 6mm 

| (0.25”) from header 

and source bonding 

pad. 
Junction-to-Case <5 SERA REEES 0 | ecrw 
Case-to-Sink Recs | Mounting surface flat,smoothandgreased | - | 05 | - | °C/W 
Junction-to-Ambient Rosa _[Freesiroperaion dT = dT = <i 80_| OC 


Source Drain Diode Ratings and Characteristics 
hata hee 


D 
Modified MOSFET 
symbol showing the 
integral reverse G 110 A 
P-N junc. rectifier. 
S 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 27A, Vag = OV | - [| - | 25 | ov | 
Reverse Recovery Time Ty = +2596, Ip = 28A,dig/dt=100A/is | 70 | 150 | 300 | ns | 
Reverse Recovered Charge | QrR_ | Ty=+259C, IF = 28A, dig/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on co oe a 


Pulse Source Current 
(Body Diode) (Note 3) 


ISM 


speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 440yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeaK = 28A (See Figure 15) 


Duty. Cycle < 2% impedance Curve (Figure 5) 
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IRF540, IRF541, IRF542, IRF543 IRF540R, 


Performance Curves 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 


Performance Curves (Continued) 
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IRF540, IRF547, IRF542, IRF543. IRF540R, IRF5417R, IRF542R, IRF543R 
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Performance Curves (Continued) 
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POWER MOSFETs 


i HARRIS 


August 1991 


Features 


IRF610/61 1/612/613 
IRF610R/611R/612R/613R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


e 2.6A and 3.3A, 150V - 200V 

® rps(on) = 1.50 and 2.40 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


_ © High Input Impedance 


Description 


The IRF610, IRF611, IRF612, and IRF613 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF610R, IRF611R, IRF612R and IRF613R types are 
advanced power MOSFETs designed, tested, and guaranteed 


Package 
TO-220AB 
TOP VIEW 
DRAIN 


(FLANGE) 


Es 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
-The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF610 IRF611 IRF612 IRF613 
IRF610R IRF611R IRF612R IRF613R UNITS 
Drain-Source Voltage (1) ....... cs cece eee e ee te ee eneee Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20k) (1)........ ee eee ee VDGR 200 150 200 150 V 
Continuous Drain Current 
TG 425°C 25s boda aeeaSeaeenkna nie atiwce erences ID 3.3 3.3 2.6. 2.6 - A 
TE = FV 00CG pacwaiee take ai aewees edie e eee tan wes Ip 2.1 2.1 1.6 1.6 A 
Pulsed Drain Current (3) ..... biwiinieeeeeoeouwekweenss IDM 8 6.5 | 6.5 A 
Gate~Source Voltage ....... ccc ee eee eee eeeereerecees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TG 2009S farsi ielu teenie cleuae eee w een mnt. Pp 43 43 43 43 W 
Linear Deératingd Factor .vc%ccicceiee ey misewns pia eee eeees 0.34 0.34 0.34 0.34 W/°G 
Inductive Current, Clamped ......... cece eee e cece cence ILM 10 10 8.0 8.0 A 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas” 46 46 46 46 mJ 
Operating and Storage Junction .............. 006. Ty TSTG ~-55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. eve 1.C. handling procedures should be followed. 
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4. Vop = SOV, starting Ty = 
IPEAK = 3.3A. See Figure 15. 


+25°C, L = 6.4mH, Res = 260, 


} 


1576.1 


File Number 


IRF610, IRF611, IRF612, IRF613 IRF6170R, IRF617R, IRF612R, IRF613R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | Vas = OV, Ip = 250nA 
IRF610/612, IRF610R/612R 


Ha ME our 


UNITS 
foo | - | - |v 
V 


IAF611/613, RF611R/61SA pison| =. (ve. fv | 
Gate Threshold Voltage VasctH) | Vps = Vas, Ip = 250A r 20 { - | 40 | Vv 
Gate-Source Leakage Forward lass |Vqg=20V | - | - | 500 | nA | 
Gate-Source Leakage Reverse lass |VGs=-20V = of = | S500] nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | - | - [ 250 | pA | 

Vps = Max Rating x 0.8, Ves = OV, 1000 HA 
Ty = +1259C 
On-State Drain Current (Note 2) ID(ON) | VDS> 'ID(ON) X DS(ON) Max: VG@s = 10V 
IRF610/611, IRF610R/611R 3.3 A 
IAF612/619, IRF612A/6TSR p26 | - | - | A_ 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 1.6A 
Resistance (Note 2) 
IRF610/611, IRF610R/611R 1.0 1.5 ke) 
IRF612/613, IRFOT2R/6TSR ae a ee a 
Forward Transconductance (Note 2) Vps > 50V, Ip = 1.6A | o8 | 13 | - S(U) 
Input Capacitance Ciss_ | VGs=OV, Vps = 25V, f = 1.0MHz | - | 135 [ - | pF | 
Output Capacitance Coss _| See Figure 10 a Se 
Reverse Transfer Capacitance Crss | - [| 14 | - | pF i 
Turn-On Delay Time Ftaon)_| VoD = 100V, Ip =3.5A, Rg = 240 ee ee 
t See Figure 16. (MOSFET switching times 17 
- are essentially independent of operating = ee ae ee 
Turn-Off Delay Time td(OFF)_| temperature) | - | 13 { 21 | ns | 
ravine |p - | 8 ft 138 fons 
Total Gate Charge Vas = 10V, Ip = 3.3A, Vpsg = 0.8V Max 5.3 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge ; (Gate charge is essentially independent of 
Gate-Drain (‘Miller’) Charge ae ie oe 
Internal Drain Inductance Measured fromthe .| Modified MOSFET nH 
contact screw on symbol showing the 
tab to center of die internal device 


inductances. 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


- 
op) 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Mounting surface flat, smooth and greased 
Free air operation 


Rocs 
OJA 


Source Drain Diode Ratings and Characteristics 


Bs) 3 Is f 
@) 


Modified MOSFET 61004.gem 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 


ISM 


s 
Diode Forward Voltage (Note 2) Ty = +250C, Is =3.3A, Vag = OV 
Reverse Recovery Time Ty = +259, IF = 3.3A, diF/dt = 100A/ps 75 310 | ns | 
Reverse Recovered Charge | QRR | = = ; 


Ty = +25°, IF = 3.3A, dif/dt = 100A/us 


Forward Turn-on Time ton Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 50V, Start Ty = +25°C, L = 6.4mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 25, IpEAK = 3.3A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF610, IRF671, IRF612, IRF613 IRF610R, IRF617R, IRF612R, IRF613R 


Performance Curves 
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IRF6170, IRF6717, IRF612, IRF613 IRF610R, IRF6117R, IRF612R, IRF613R 


Performance Curves (Continued) 
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IRF610, IRF611, IRF612, [IRF613 IRF670R, IRF6717R, IRF612R, IRF613R 


Performance Curves (Continued) 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 
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™ HARRIS IRF620/621/622/623 
IRF620R/621R/622R/623R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-220AB 
e 4.0A and 5.0A, 150V - 200V TOP VIEW 
® rps(on) = 0.8 and 1.229 
e Single Pulse Avalanche Energy Rated* DRAIN ~ ===» SOURCE 
(FLANGE) — CET SI) 
e SOA is Power-Dissipation Limited | GATE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


The IRF620, IRF621, IRF622, and IRF623 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF620R, IRF621R, IRF622R and IRF623R types are N-CHANNEL ENHANCEMENT MODE 

advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D ug - 
avalanche mode of operation. All of these power MOSFETs are = an 
designed for applications such as switching regulators, = = 
switching converters, motor drivers, relay drivers, and drivers a cc 
for high-power bipolar switching transistors requiring high G as = 
speed and low gate-drive power. These types can be operated = 


directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic ; S 
package. 


Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 


IRF620 IRF621 IRF622 IRF623 
IRF620R IRF621R IRF622R IRF623R UNITS 
Drain-Source Voltage (1) 0... ccc ccc cece cece eee ec ene Vos 200 150 200 150 V 
Drain-Gate Voltage (RG@sS = 20K) (1)........... 6068. VDGR 200 150 200 150 V 
Continuous Drain Current 

WO F20C < cuater tena tol eenheeeraaten aa eeeeeets ID 5.0 5.0 4.0 4.0 A 

TO 100 PG sac reveonte nen sat ye adie dation neces Ip 3.0 3.0 2.5 2.5 A 
Pulsed Drain Current (3) se. sesi cs cdees ev eet es reeweeeeas IDM 20 20 16 16 A 
Gate-Source Voltage. ies das ve ee Venwe nies veer ee dues Ves +20 +20 +20 +20 V 
Maximum Power Dissipation . 

GS 260 C cin a wareinet eine an esa ei taaw de cake Pp 40 40 40 40 W 
Linear Derating Factor.........c cc cece cc eect ec eeeneeenes 0.32 0.32 0.32 0.32 W/9C 
Inductive Current, Clamped ...... Sneak and ona: ILM 20 20 16 16 A 

(See Figure 14, L = 100p1H) 

Single Pulse Avalanche Energy Rating (4)............... Eas* 85 85 85 85 mJ 

Operating and Storage Junction .............0084- Ty TSTG -55to+150 ~-55to+150 -55to+150 -55to+150 °C 
Temperature Range . 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 

NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 10V, starting Ty = +25°C, L = 6.18mH, Rag = 500, 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. IPEAK = SA. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. _ File Number 1 577 1 
Copyright © Harris Corporation 1991 . ° 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621R, IRF622R, IRF623R 


Electrical Characteristics To = 259C, Unless Otherwise Specified 


7 | | | LIMITS 
CHARACTERISTIC | SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss__| Vas = OV, Ip = 250pA 
IRF620/622, IRF620R/622R 


IRF621/623, IRF621R/623R | : | 150 | - J - {| Vi | 
[GateThresholdVoltage _——«d| Vasc) |[Vos=Vas.Ip=2500ASCSC*dS=C STC SCC OT CV C* 


[Gate-Source Leakage Faward | less [Ves=20v id P00 a 
[Gate-Source Leakage Reverse | “Igss |Vag=-200 [=| =] -500| na 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV | = | - | 250 | pA | 


Vps = Max Rating x 0.8, Ves = OV, 1000 pA 
Ty = +1259C 


Modified MOSFET 
symbol showing the’ 
internal device 

inductances. 
61003. 


Internal Drain Inductance D Measured from the 
contact screw on 


tab to center of die 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 

(0.25") from header 
and source bonding 
pad. 


On-State Drain Current (Note 2) ID(ON) | VDS> !ID(ON) X (DS(ON) Max VGs = 10V 

IRF620/621, IRF620R/621R . A 
\ IRF622/623, IRF622R/623R 
Static Drain-Source On-State TDS(ON) | VGS = 10V, ID = 2.5A, 
Resistance (Note 2) 

IRF620/621, IRF620R/621R Q 

IRF622/623, IRF622R/623R 
Forward Transconductance (Note-2) Vps > ID(ON) XRDS(ON)Max,In=2.5A | 138 | 25 | - | su) | 
Input Capacitance Cigg | Vag = OV, Vpg = 25V, f = 1.0MHz a oe ee ee 
Output Capacitance Coss _| See Figure 10 a 
Reverse Transfer Capacitance Crss | = | 40 | - | pF | 
Turn-On Delay Time Ttaion) | Vp =25BVDSS, Ip =5.0A,Rg=9.19 | - | 20 | 40 | ns 
Rise Ti See Figure 16. (MOSFET switching times 30 

PN ae ee a taivmdenenictaieseing lee eee OO 

Turn-Off Delay Time td(OFF)_| temperature) | - | 50 | 100 { ns | 
Fall Time cae | | [| so | 60 | ns _ 
Total Gate Charge | V@as = 10V, Ip = 5.0A, Vps = 0.8V Max 11 15 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Gharge GIT ak ltr la RC RY PRCT 
Gate-Drain("Miller")Oharge | Qgd | a So 


Internal Source Inductance 


ee a 


Rigos | Mounting surface fat, smoothand greased _| - | 05 | - | °c 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


rr 
zz 


Modified MOSFET. 62004.gem 
symbol showing the 
integral reverse 

P-N junc. rectifier. G 


a 


. Ss 
Diode Forward Voltage (Note2) | Vgp |Ty=+259°C,Igs=5.0A,Vas=ov | - {| - {| 18 J Vv | 
Reverse Recovery Time Ty = +1500, Ip =5.0A,dig/dt=100A/us | - | 350 | - | ons | 
Reverse Recovered Charge Ty=+1509C, IF =5.0A,di-/dt=100A/s | - | 23 | - | uc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 1. Ty = +25°C to +150°9C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 10V, Start Ty = +25°C, L = 6.18mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Regs = 500, IpeEaK = SA (See Figure 15) 


Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF620, IRF6217, IRF622, IRF623 IRF620R, IRF627R, IRF622R, IRF623R 
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IRF620, IRF627, IRF622, IRF623 IRF620R, IRF627R, IRF622R, IRF623R 


| 
| 


uty. TRANSCGNDUCTANCE (SIEMENS) 


(pr. REVERSE ORAIN CURRENT (AMPERES) 


4 . 
Vos 7 !Dion) * RoS(on) mex. 
80 ..s PULSE TEST 


1s DEERE REN TELAMEERES! Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


1.25 


1.15 


1.05 


BV ss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rps(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


pes ENE ie 
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Ty, JUNCTION TEMPERATURE (°C) ; Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs: Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


1000 


800 F Cisg = Cys + Coq, Cds SHORTED 
Crgs = Cod 
Cos Cog 
Coss = Cys + CoC 
= Cys + Cog 


C, CAPACITANCE (pf) 


200 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip = GA | 
FOR TEST CIRCUIT 
SEE FIGURE 17 


0 4 8 12 16 20 
Vps. ORAIN-TO SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF620, IRF627, IRF622, IRF623 IRF620R, IRF627R, IRF622R, IRF623R 
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=) ee 
ua 
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ad z 
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SEB er=4 a 
o (=) 
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Z 3 
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= 2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) er a ae 
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Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case 


Temperature 


‘pos 


VARY tp TO OBTAIN 2 
REQUIRED PEAK I ie 
” 
Vac= 10V = = 
Gs tp Vas= 10V eral = ~ 
Y P ai ui 
=s 
E,; = 0.5BVpsg Ec= 0.75 BVpss = 

Fig. 14a — Clamped Inductive Test Circuit Fig. 15a — Unclamped Energy Test Circuit 

BYpss 
Fig. 14b — Clamped Inductive Waveforms Fig. 15b — Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
TYPE 
12V [0.2 AS DUT 
Rp BATTERY | HF 
Vps 
DUT 
h Rg + 
Vas= 10V VpD 


PULSE WIDTH < 1.5 : | | | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT 


Ip CURRENT 


SAMPLING RESISTOR ~ SAMPLING RESISTOR 


Fig. 16 — Switching Time Test Circuit Fig. 17 — Gate Charge Test Circuit 
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Features 

e 3.8A and 3.3A, 250V - 275V 

® rps(on) = 1.19 and 1.520 

e Single Pulse Avalanche Energy Rated 

e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

© 250/275V DC Rating - 120V AC Line System Operation 


Description 


The IRF624, IRF625, IRF626, and IRF627 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 


IRF624, IRF625 
IRF626, [RF627 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


Package 
TO-220AB 
TOP VIEW 
DRAIN = 
(FLANGE) > SOURCE 


Les 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


operation. These are n-channel enhancement mode silicon- o 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. G 
These types can be operated directly from integrated circuits. 
The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. $ 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
. IRF624 IRF625 IRF626 IRF627 UNITS 

Drain-Source Voltage (1) ...... cece eee ec cee ecevcees Vos 250 250 275 275 V 
Drain-Gate Voltage (RGS = 20KND) (1)... 2... cece eee VDGR 250 250 275 275 V 
Continuous Drain Current 

i Gueie saa OP Cee ree er ren are Ip 3.8 3.3 3.8 3.3 A 

To =+1009C..... ee re ee eer ee en ee eee Ip 2.4 2.1 2.4 2.1 A 
Pulsed Drain Current (8) ......ccscccccccccccvccecveces lDM 15 13 15 13 A 
Gate-Source Voltage .........cccccsscccccccncccnccs Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG HeSUS iG sishak veda cewerenue oe an ned deemed awe Pp 40 40 40 40 WwW 
Linear Derating Factor........c.cccc cee vccccccteeeessceee 0.32 0.32 0.32 0.32 W/9G 
Single Pulse Avalanche Energy Rating (4)............000. Eas 120 120 120 120 mJ 
Operating and Storage Junction .........ccce eee Ty Tstq ~55to+150 -55to+150 -55t0+150 ~-55to0+150 OC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C 

2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. . 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling 
Copyright © Harris Corporation 1991 
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4. Vpp = 50V, starting Ty = +25°C, L = 13.6mH, Res = 252, 
IPEAK = 3.8A. See Figures 14 & 15. 


procedures should be followed. 


2167.1 


File Number 


Specifications IRF624, IRF625, IRF626, IRF627 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


‘CHARACTERISTIC SYMBOL TEST CONDITIONS 


UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vas=OV, Ip = 250pA 


iRF625, RFT a a 
V 
nA 


Gate Threshold Voltage VasctH) | Vos =Vas; Ip = 250A | 20 | - | 40 | Vv | 
Gate-Source Leakage Forward Iess_ |Vgs=20V | 500 | nA | 
Gate-Source Leakage Reverse Ios Vas =-20V 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Ves = OV 


op) 


On-State Drain Current (Note 2) 
IRF624, IRF626 


IRF625, IRF627 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF624, IRF626 


IRF625, IRF627 


Forward Transconductance (Note 2) | gfs_ «| Vos = 2x Vas, lps =1.9A | 14 [ 24 | - | SU) 


Input Capacitance Ves = OV, Vos = 25V, f = 1.0MHz 
Output Capacitance Coss 


ID(ON) | YDS > !D(ON) X (DS(ON) Max: VGs = 10V 


Pe ee, 

[eee (Ce 

aes 

wSieee | | 
Ty = +1259C 

ae 


TDS(ON) | VGS = 10V, Ip = 1.4A 


See Figure 10 


Vpp = 125V, Ip = 3.8A, Rg = 182 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Fall Time . 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


VGs = 10V, Ip = 3.8A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


tes 
Measured between Modified MOSFET 4.5 nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center of 9 D 
centerofdie. - 
Measured from the io 
source lead, 6mm 
(0.25") from header : 
and source bonding 
pad. ‘ 

Paces el 


= | 82 | Cw 
Mounting surface flat, smooth and greased 
Free air operation es 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Internal Source Inductance 


rm 
n 


Y 

7] 

@ 

aa 

3 

@ 

Q 

= - B10 |2 
a oO FQ fo w Yn 
QO Min |? 


Junction-to-Case 
Case-to-Sink 


Junction-to-Ambient QJA 


4 
9) 
” 
[e) 
Q 
E 


= 


Ty = +259C, Ig =3.8A, Vas = OV 
Ty = +259C, If = 3.8A, dif/dt = 100A/us 
Ty = +2596, Ip = 3.8A, dig/dt = 100A/ps : 
Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 4. Vop = 20V, starting Ty = +259C, L = 3.37mH, Reg = 500, 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% IPEAK = 9A. See Figure 15. 
3. Repetitive Rating: Pulse width limited by max. junction 
temperature. See Transient Thermal Impedance Curve (Figure 5) 


Diode Forward Voltage (Note 2) Vsp 
Reverse Recovery Time trr 
Reverse Recovered Charge 


Forward Turn-on Time 
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N-CHANNEL 
POWER MOSFETs 


Ip. ORAIN CURRENT (AMPERES) © 


Ip. ORAIN CURRENT (AMPERES) 


IRF624, IRF625, IRF626, IRF627 


25 50 73 100 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 


J ey 


a a 


Vos: eee ee vee eee 


Fig. 3 — Typical Saturation Characteristics 
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ORAIN CURRENT (AMPERES) 
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CUTIE PUI TTT 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 


OPERATION IN THIS AREA LIMITED 4 sues 
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Sate cee ettorel 
IRF625, IRF627 Saxe SoS ot P 


ote at 
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ath 
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om | 
ee he 
eee a St HH HH 
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Fig. 4 — Maximum Safe Operating Area 


THERMAL RESPONSE (Zp Jc) 


BVnsgg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
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IRF624, IRF625, IRF626, IRF627 
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t,, RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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Ip. ORAIN CURRENT (AMPERES) 


Fig. 6 — Typical Transconductance Vs. Drain Current 
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_ Fig. 8 — Breakdown Voltage Vs. Temperature 
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Ipq. REVERSE (DRAIN CURRENT (AMPERES) 


tu 


Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 


—- 


_ 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ros (on)> 


£0 
“60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty JUNCTION TEMPERATURE ( °C) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 


N-CHANNEL 
POWER MOSFETs 


IKF 024, IRF625, IRF626, IRF627 


C, CAPACITANCE (pF) 


1 2 5 10 a 102 
Vos DRAIN-TO-SOURCE VOLTAGE eee 
Fig. 10 — Typical Capaclance Vs. Drain~-to-Source Voltage 
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Ip. ORAIN CURRENT (AMPERES) 
Fig. 12 — Typical On-Resistance Vs. Drain Current 


VARY tp TO OBTAIN 
REQUIRED PEAK i, 


Vgg= 10V = 


vol | 
Vesg™ 10V 


PULSE WIDTH < 12S 
DUTY FACTOR < 0.1% 


Fig. 16 — Switching Time Test Circuit 


BATTERY | }4F 
eo 


Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


0 5 10 15 20 25 
Qo. TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 


Ip. DRAIN CURRENT (AMPERES) 


25 50 75 100 125 150 
Tc. CASE TEMPERATURE (°C) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 


BVnss 


Fig. 15 — Unclamped Energy Waveforms 


+Vps 
{ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V {0.2 


-Vos 
ig CURRENT Ip CURRENT 
SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 17 — Gate Charge Test Circuit 


iE HARRIS IRF630/631/632/633 
IRF630R/631R/632R/633R 


N-Channel Power MOSFETs 
August 1991 | Avalanche Energy Rated* 


Features Package 
e 8.0A and 9.0A, 150V - 200V 
.¢ rps(on) = 0.42 and 0.62 


TO-220AB 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* DRAIN SOURCE 
‘ Pee : sn (FLANGE) —— 
e SOA is Power-Dissipation Limited DRAIN 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Vescription 


The IRF630, IRF631, IRF632, and IRF633 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF63OR, IRF631R, IRF632R and IRF633R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as_ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF630 IRF631 IRF632 IRF633 
IRF630R IRF631R IRF632R IRF633R UNITS 

Drain-Source Voltage (1) 0... ccc cece cee cece et eces Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20K) (1)... 2... eee VDGR 200 150 200 150 V 
Continuous Drain Current 

eS 2 OCS ac tiwadontudscsb sano eeeeA wor eben: Ip 9.0 9.0 8.0 8.0 A 

TG OO G oie en Saw sinan sens ateaademewasen aes Ip 6.0 6.0 5.0 5.0 A 
Pulsed Drain Current (3) .. 0... cece ee cece eee eens loM 36 36 32 32 A 
Gate-Souirce Voltage: sais ctiss ean wecanaes ses teasea ts Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

MCS 20S weseesan ie Sarandon hasan eeess Pp 75 . 75 75 75 WwW 
Linear Derating Factor ssc scot ccdcereaes oe-cvaewvaws ews 0.6 0.6 0.6 0.6 W/9G 
Inductive Current, Clamped ....... cece cece cece eee eees ILM 36 36 32 32 A 

(See Figure 14, L = 100yuH) 
Single Pulse Avalanche Energy Rating (4).............6. Eas* 150 150 150 150 mj 
Operating and Storage Junction ........ 0. cece eee Ty TSTG -55to+150 -55to+150 ~-55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............665 TL 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: . 
1. Ty = +25°C to +150°C. 4. Vop = 20V, starting Ty = +25°C, L = 3.37mH, Res = 502, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 9A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper J.C. handling procedures should be followed. File Number 1 57 8.1 


Copyright © Harris Corporation 1991 
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IRF630, IRF63 1, IRF632, IRF633 IRF630R, IRF637R, IRF632R, IRF633R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss | VGs=OV, Ip = 250yA 
IRF630/632, IRF630R/632R | 


IRF631/633, IRF631R/633R 


PY 
[Gate TheshoidVatage | Vaaginy [VoS= Vas p= 250uk 20 fp 
[Gato-Souroe LeekageFomard | legs _[Veg=20v 800] 
[Gate-Sourve Leakage Reverse | lags [Vas =-207 = ata 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgs = OV ; | = | - | 250 ] wA f° 


Vps = Max Rating x 0.8, Vas = OV, 1000 pA 
Ty = +1259C 


On-State Drain Current (Note 2) 
IRF630/631, IRF630R/631R 


IRF632/633, IRF632R/633R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF630/631, IRF630R/631R 


ID(ON) | YDS > !D(ON) X DS(ON) Max: V@s = 10V 


TDS(ON) | VGS = 10V, Ip = 5.0A 


IRF632/6G6, IRFEG2R/OGGR | ae a 
Forward Transconductance (Note 2) Vps > ID(ON) X RDS(ON)Max, Ip = 5.0A ae eee S(U) 
input Capacitance Ciss _| Vas = OV, Vps = 25V, f= 1.0MHz r_- | 600 | - | pF 
Output Capacitance Goss _| Se° Figure 10 [= [250] =| oF 
Reverse Transfer Capacitance Crss | - | 80 | - | pF | 
Turn-On Delay Time taon) | Von = 80V; Ip = 9.08, Rg = 9.10 es 
Rise Time t See Figure 16. (MOSFET switching times 
ee escenuclivindependentcbepersina .. -ezc sce needa eer 2 |e 8s. 
Turn-Off Delay Time ta(OFF)_| temperature) es ae Be 
Fall Time ae 
Total Gate Charge | VGS = 10V, Ip = 9.0A, Vps =0.8V Max 
(Gate-Source + Gate-Drain) | Rating. See Figure 17 for test circuit. 

te- har E (Gate charge is essentially independent of 
= a = Pgs | operating temperature.) eae 
Gate-Drain (‘Miller’) Charge | Qga | an 


Measured from the Modified MOSFET 

contact screw on symbol showing the 

tab to center of die internal device 
inductances. 


internal Drain Inductance 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


rm 
ps 


Internal Source Inductance 


Ls Measured from the 

source lead, 6mm 

(0.25”) from header 

and source bonding 

| pad. 

Junction-to-Case Fasc ee ee a 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 
Junction-to-Ambient | Roja _ | Free air operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 7 
symbol showing the 
integral reverse 
P-N junc. rectifier. 
S 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) Vsp Ty = +2596, Ig = 9.0A, Vag = OV 
Reverse Recovery Time Ty = +1509C, IF = 9.0A, di¢/dt = 100A/us 
Reverse Recovered Charge Ty = +1509, IF = 9.0A, dif/dt = 100A/ys 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 20V, Start Ty = +259C, L = 3.37mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpeaK = 9A (See Figure 15) 


Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF630, IRF6317, IRF632, IRF633 IRF630R, IRF631R, IRF632R, IRF633R 


80.1 PULSE TEST ea ia 
ee eae ey 
(oe nD me 


Ip, ORAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 20 40 60 80 100 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


OPERATION IN THIS 
AREAIS LIMITED 


are i 

8 z ia ade 
a uw IRF63OR, Re Hy e - 
us a oes bh. 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Znyc(t/Rihac. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF630, IRF637, IRF632, IRF633 IRF630R, IRF637R, IRF632R, IRFE33R 


y AG 


IS 


eS 
=e 


fs. TRANSCONOUCTANCE (SIEMENS). 


lpr. REVERSE ORAIN CURRENT (AMPERES) 


0 2 4 6 8 10 
ip, DRAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 
1.25 


(NORMALIZED) 
Sees 


BV ss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 


HRERE ORS 


075 
-40 0 40 80 120 160 -40 0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


IRF630, IRF632 
IRF630R, 632R 


C, CAPACITANCE (pF) 
Vos. GATE TO SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


Eee sees eee oe 
20 30 40 50 0 8 16 24 32 40 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF630, IRF631, IRF632, IRF633 IRFG630R, IRF631R, IRF632R, IRF633R 


RoSton). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ip, ORAIN CURRENT (AMPERES) 


Fig. 12 — Typical On-Resistance Vs. Draln Current 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Vas = 10V DUT. 


I 


E, = 0.5BVpss Ec= 0.75BVpss 


Fig. 14a — Clamped Inductive Test Circuit 


Fig. 14b — Clamped Inductive Waveforms 


+ 


Veg= 10V 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


Fig. 16 — Switching Time Test Circuit 


IRF632, IRF633 
IRF632R, IRF633R 


ete) desis a NS 
eR eSR RENE 
REVS SRRERS 


Ip, ORAIN CURRENT (AmPEtts, 


0 : 
28 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 13 —- Maximum Drain Current Vs. Case 
Temperature 


Vos 


VARY tp TO OBTAIN 


REQUIRED PEAK I Res 


Vgs= 10V 


Fig. 15b — Unclamped Energy Waveforms 


9 +Vpbs 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


-CURRENT 
REGULATOR 


12V 10.2 
BATTERY !}F 
eats, 


DUT 


0 -Vbs 
Ip CURRENT 
SAMPLING RESISTOR 


IG CURRENT 


SAMPLING RESISTOR ~~ 


Fig. 17 — Gate Charge Test Circuit 
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POWER MOSFETs 


™ HARRIS 


August 1991 


Features. 


IRF634, IRF635 
IRF636, IRF637 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


| Package 


TO-220AB 
TOP VIEW 


¢ 8.1A and 6.5A, 250V - 275V 
® rps(on) = 0.452 and 0.682. 
- es DRAIN 
e Single Pulse Avalanche Energy Rated — 
e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics .- 
e High Input Impedance 


° 275/250V DC Rating - 120V AC Line System Operation 


Description 


The IRF634, IRF635, IRF636, and IRF637 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


operation. These are n-channel enhancement mode silicon- . 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. G 
These types can be. operated directly from integrated circuits. 
The IRF-types are supplied in the JEDEC TO-220AB plastic | 
package. Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF634 IRF635 IRF636 IRF637 UNITS 
Drain-Source Voltage (1) ...... cece cece eceees Pee rrr Vps 250 250 275 275 V 
Drain-Gate Voltage (RG@g = 20KN) (1).... 2... eee ee eee VDGR 250 250 275 275 V 
Continuous Drain Current 
0 ate es OO en ere nai seater Walang d Ip 8.1 6.5 8.1 6.5 A 
To =+100°C..... pete suew MAR eew es Deas oataeeeeet Ip 5.1 4.1 5.1. 4.1 A 
Pulsed Drain Current (3) ........ cece cece cece cece eens IDM 32 . 26 32 26 A 
Gate-Source Voltage .........cececscececeeeeensenes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation | . ; 
TG = 4 20CC so vac ari sticattasaventientwsueteavins Pp 75 75 75 75 W 
Linear Derating Factor............cceecceecees lihgeate heey 0.6 0.6 0.6 0.6 W/°CG 
Single Pulse Avalanche Energy Rating (4)........-....00- Eas 180 180 180 180 mJ 
Operating and Storage Junction ...........000c0ee Ty TSTG  -55to+150 -55to+150 -55to+150 -55to +150 oC 
Temperature Range . 
Maximum Lead Temperature for Soldering............00+ TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = 50V, starting Ty = +25°C, L = 4.5mH, Reg = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 8.1A. See Figures 14 & 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 21 68.1 
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Specifications IRF634, IRF635, IRF636, IRF637 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS | 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Va@s = OV, Ip = -250pA 
IRF636, IRF637 


IRF634, IRF635 


cele Seacaleaecaromen | lees [vase ee oor | 
[Gee tourcLeaiacsneene [class Waseem ee eo 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vag = OV | - | - | 250 | pA | 


A 
Vps = Max Rating x 0.8, Vas = OV, 1000 | WA 
Ty = +1259C : 

Loa oe 


On-State Drain Current (Note 2) 
IRF634, IRF636 


IRF635, IRF637 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF634, IRF636 


IRF635, IRF637 


TTurn-OnDelayTime + _taon) | 
Total Gate Charge Ss 
(Gate-Source + Gate-Drain) 

[Gate-Source Charge —SSC*dtC gs 

[Gate-Drain ("Miller") Charge |_Qug 


Internal Drain Inductance 


ID(ON) | YDS > !D(ON) X DS(ON) Max: VG@S = 10V 


TDS(ON) | VGS = 10V, Ip = 4.1A 


Vpop = 125V, Ip ~ 8.1A, Rg = 122 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 


Vas = 10V, Ip = 8.1A, Vpsg = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Internal Source Inductance 


Junction-to-Case 8JC aa 
Case-to~Sink Recs __ | Mounting surface flat, smooth and greased | 0.5 | 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 

(Body Diode) (Note 3) P-N junc. rectifier. 
S 

Diode Forward Voltage (Note 2) Ty = +259C, Is =8.1A, Vas = OV 

Reverse Recovery Time Ty = +2596, Ir = 8.1A, dif/dt = 100A/ps 

Reverse Recovered Charge Ty = +259C, Ie = 8.1A, di¢/dt = 100A/us 

Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 50V, Start Ty = +25°C, L = 4.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, Ipeak = 8.1A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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cs | 
Vos = Vas. 1p = -250uA Oe ee 


N-CHANNEL 
POWER MOSFETs 


Ip. ORAIN CURRENT. (AMPERES) 


- Ip. ORAIN- CURRENT (AMPERES) 


IRF634, IRF635, IRF636, IRF637 


¢5 50 75 100 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


| Fig. 1 — Typical Output Characteristics 


wl ca 


2 4. 6 8 10 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


| Fig. 3-2 Typical Saturation Characteristics 
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Ip. ORAIN CURRENT . (AMPERES) 


- Ip- DRAIN CURRENT (AMPERES) 


Vgg GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 


OPERATION IN THIS AREA LIMITED 
BY Rps (ON) 

wees fie tale 

Hitt 


IRF635, Pate oetitt ni mane 
inFes7 OA SS 
Per OU TINT pS 


eS i 


irr ity __) 


1? 5 io 2 st 5 103 
_ Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 


IRF634, IRF635, IRF636, IRF637 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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-TO-DRAIN VOLTAGE (VOLTS) 


Vep: ane 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 


Fig. 6 — Typical Transconductance Vs. Drain Current 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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(pF) 


C. CAPACITANCE 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on)- 


IRF634, IRF635, IRF636, IRF637 


tGoeiCagit deae 


TTT AT 


600 


Pit imi tt tt 
ales 


300 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


: jl 2 5 10 2 5 102 0 10 20 30 40 50 
Vpg: ORAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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Ip. DRAIN CURRENT (AMPERES) — CASE TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Vas 10" 
Gs 7 


Res 


Fig. 15 —- Unclamped Energy Waveforms 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V 10.2 AS DUT 
BATTERY | }F 
cxnendcomes’ 


wel | 
Vas= 10V 


PULSE WIDTH < 142.8 


DUTY FACTOR < 0.1% -Vps 
: IG CURRENT Ip CURRENT 
— SAMPLING RESISTOR — SAMPLING RESISTOR 
_ Fig. 16 — Switching Time Test Circuit Fig. 17 — Gate Charge Test Circuit 
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Features 


IRF640/641/642/643 
IRF640R/641R/642R/643R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


© 16A and 18A, 150V - 200V 

® rps(on) = 0.182 and 0.22 

® Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


The IRF640, IRF641, IRF642, and IRF643 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF640R, IRF641R, IRF642R and IRF643R types are 
advanced power MOSFETs designed, tested, and guaranteed 


2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


DRAIN = 
(FLANGE) 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


IPEAK = 18A. See Figure 15. 


” 
to withstand a specified level of energy in the breakdown D =! bs 
avalanche mode of operation. All of these power MOSFETs are = 3 
designed for applications such as switching regulators, =< = 
switching converters, motor drivers, relay drivers, and drivers © 
for high-power bipolar switching transistors requiring high G = = 
speed and low gate-drive power. These types can be operated . 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 
IRF640 IRF641 IRF642 IRF643 
IRF640R IRF641R IRF642R IRF643R UNITS 

Drain-Source Voltage (1) ...... cece cec cece eees eens Vps 200 150 200 150 Vv 
Drain-Gate Voltage (RGg = 20kM)(1)........ eee eee VDGR 200 150 200 150 Vv 
Continuous Drain Current 

TGS F259 casa Gilinn RAGa Gea hod Denes eae Game biey Ip 18 18 16 16 A 

TG FIOOCC 3 ct wc. tn peas ae Het aw eeu es eee he cess Ip 11 11 10 10 A 
Pulsed Drain Current (3) ........ cece cece cece eee ne neee IDM 72 72 64 64 A 
Gate-Source Voltage: 2. icci ieee s ike dieee. seonsee eens Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG = tA 9°G twin eins te leoe tose Saveeuaeesesanamess Pp 125 125 125 125 WwW 
Linear Derating Factor.........cccccccsccsccsccsccorsnces 1.0 1.0 1.0 1.0 W/9C 
Inductive Current, Clamped .......... cece eee eee ee es ILM 72 72 64 64 A 

(See Figure 14, L = 100pH) 
Single Pulse Avalanche Energy Rating (4)............... Eas” 580 580 580 580 mJ 
Operating and Storage Junction ..............005. Ty, TSTG  -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering..............-. Th 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: 

4. Ty = +25°C to +150°C. 4. Vop = 5O0V, starting Ty = +259C, L = 2.7mH, Reg = 25, 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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IRF640, IRF641, IRF642, IRF643 IRFG4OR, IRF641R, IRF642R, IRF643R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| | | LIMITS 
__ CHARACTERISTIC SYMBOL | _ TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| VGs=OV, Ip = 250nA ea Pres ee 


IRF640/642, IRF640R/642R V 
IRF641/643, IRFO4TR/649R | iso | - | - | v_ 
Gate Threshold Voltage Vestn [vos =Vas, Ip = 250nA P20 | - | 40 | v_ 


[Gate-SourceLeakageFoward | less [Ves=20v_ |---| - | 600_| mA 
[Gate-Source LeakageReverse | lags_[Ves=-207___| - | - | -800_| na 


Zero Gate Voltage Drain Current Vps = Max Rating, Veg = OV | = | - | 250 | pA | 
Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1250C 
On-State Drain Current (Note 2) ID(ON) | YDS > ID(ON) X (DS(ON) Max: VG@s = 10V 
IRF640/641, IRF640R/641R 18 A 
IRF642/643, IRF642R/643R oe ie ae ee 
Static Drain-Source On-State Ves = 10V, Ip = 10A 
Resistance (Note 2) 
IRF640/641, IRF640R/641R 0.14 0.18 co) 
IRF642/643, IRF642R/643R | - [| 020 | 022 | a | 
Forward Transconductance (Note 2) Vps> 50V, Ip = 10A | 67 | 10 | - | SZ) 
Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | = | 1275 | - | pF | 
Output Capacitance Goes | #Priane 10 eT La 
Reverse Transfer Capacitance Crss | = | 100 | - | pF | 
Turn-On Delay Time tan) _| VoD = 100V, Ip = 18A, Rg = 9.10 r- | 3 | a | ns | 
See Figure 16. (MOSFET switching times 77 
. ae are essentially independent of operating eae ee ae 
Turn-Off Delay Time td(OFF)_| temperature) | - | 4 | 68 [{ ns _ 
Fall Time ea ee ee 
Total Gate Charge Vas = 10V, Ip = 18A, Vps = 0.8V Max nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of 
ee SOC Nee Oe rating emeeratire ae ee ee oe 
Gate-Drain (“Miller”) Charge | Qga__ | ee ee ee oe 
Internal Drain Inductance Lp Measured from the Modified MOSFET 3.5 
contact screw on symbol showing the 
tab to center of die internal device 
inductances. 
Measured from the : 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


internal Source Inductance 


Junction-to-Case MG | 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 


rc 


Junction-to-Ambiont 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Vsp_| Ty = +25°C, Is = 18A, Vag = OV eel 
trr | Ty = +25°C, Ip = 18A, dif/dt = 100A/ys 
1. 


Ty = +1509, Ir = 18A, dig/dt = 100A/us 


intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


R@JA 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = 20V, Start Ty = +25°C, L = 3.37mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, Ipeak = 18A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF641R, IRF642R, IRF643R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF647R, IRF642R, IRF643R 


Performance Curves (Continued) 
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IRF640, IRF647, IRF642, IRF643 IRFG640R, IRF641R, IRF642R, IRF643R 


Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 
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FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


vol | 
Ves= 10V 


PULSE WIDTH < 14S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 
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FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 


4-323 


aD HARRIS 


IRF644, IRF645 
IRF646, IRF647 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 
Features Package 
TO-220AB 
© 13A and 14A, 250V - 275V 5Oe VIEW 
® rps(on) = 0.282 and 0.342 
e Single Pulse Avalanche Energy Rated nce _ SS SOURCE 


e SOA is Power-Dissipation Limited 


= 


e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 

e 275/250V DC Rating - 120V AC Line System Operation 


Description 


The IRF644, IRF645, IRF646, and IRF647 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF644 IRF645 IRF646 

Drain-Source Voltage (1) ...... cece ee ce cece eet e ce eeee Vps 250 250 275 
Drain-Gate Voltage (RGS = 20K) (1)....... ee eee eee VDGR 250 250 275 
Continuous Drain Current 

VOR 425°C ia neha ob Ce cae es a caenes UP e Neer ewes Ip 14 13 14 

T= $1006 octane S ieked oman ew atin ats ae eal Ip 8.8 8.0 8.8 
Pulsed Drain Current (3)... 0.0... cece cece eee c een e cence IDM 56 52 56 
Gate=SOurce VoOlaGe® « ssercs etivraecen tees seas’ Ves +20 +20 +20 
Maximum Power Dissipation 

TOS he 50 th se wewesametadetceaiwmceies sane dane ee. Pp 125 125 125 
Linear Derating Factor... ... cc ccs ecc ccc ce ence cccccsceces 1.0 1.0 1.0 
Single Pulse Avalanche Energy Rating (4).............6. EAs 550 550 550 
Operating and Storage Junction ............eeeees Ty TsTg -55to+150 -55to+150 -55to+150 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C 

2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


4. Vop = 50V, starting Ty = +25°C, L = 
IPEAK = 14A. See Figures 14 & 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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<< DRAIN 
————— GATE 


N-CHANNEL ENHANCEMENT MODE 


D 


IRF647 UNITS 
275 V 
275 V 
13 A 
8.0 A. 
52 A 
+20 V 
125 Ww 
1.0 W/°G 
550 mJ 
~55 to +150 oC 
300 oC 
4.5mH, Res = 25, 
File Number 2169.1 


Specifications IRF644, IRF645, IRF646, IRF647 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC TEST CONDITIONS | MIN [{ TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = 250pA 
IRF646, IRF647 


IRF644, IRF645 


Gate Threshold Voltage VasctH) | VoS=Vas; Ip =-250nA | 20 | - | 40 | 
Gate-Source Leakage Forward lass | Va@sg=20V } = | 500 | nA 
Gate-Source Leakage Reverse Iass_ |Vags=20V | = | -500 nA 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Ves = OV | = | 250 yA 
Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
Ty = +1259C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X (DS(ON) Max VGS = 10V 
IRF644, IRF646 
IRF645, IRF647 po = | 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 8A 
Resistance (Note 2) 
IRF644, IRF646 0.20 


IRF645, IRF647 


as 
iss _| Vas = OV, Vps = 25V,1= 10M 
oss _| See Figure 10 
RSS 
ialOFF 


Fall Time 


Total Gate Charge 
(Gate~Source + Gate-Drain) 


Gate-Source Charge 0 
Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


o 
N 
ae 
(@) 


Vop = 125V, Ip = 14A, Rg = 9.19 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Ves = 10V, Ip = 14A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


=a/ a 

- Qik 
oO 
in) 
© 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Oo 


za 


Internal Source Inductance 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Mounting surface flat, smooth and greased 


Free air operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Vsp | Ty=+259C, Is =14A, Vag = OV 
Reverse Recovery Time ter Ty = +2590, Ip = 14A, dif/dt = 100A/ps 15 
Reverse Recovered Charge Ty = +259, If = 14A, di-/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


R@JA 


pe 
at 5 
mie) 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


:o)) 


ISM 
mea 
i al 
ae 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +259C, L = 4.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeaK = 14A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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N-CHANNEL 
POWER MOSFETs 


IRF644, IRF645, IRF646, IRF647 


(AMPERES) 


DRAIN CURRENT 


tp: 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 


DRAIN CURRENT (AMPERES) 


Ip. 


2 4 6 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Ip. ORAIN CURRENT (AMPERES) 
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Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 


Ip. DRAIN CURRENT (AMPERES) 


ce. 


107e 


=a OPERATION IN THIS AREA LIMITED 
(ae 


FIRFG44, IRF646 — 


=p 
wo 


2 
IRF644, IRF646) 100 us 
10 IRF645.,- cuit eel 
Einred 7 aetet SSIES EE 
ne ae ae 555 oases sess nn 3s eee NI ips 
Att 20 ee 
— san Po IS 
| an SHI ROETT 


A omen al oe 
Tce = 25°C 
Ty = 150°C 


SINGLE PULSE 


2 5 
1 10 102 103 
Vps- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


. 4 — Maximum Safe Operating Area 


Mm 
Ww 


DUTY FACTOR, O=ty/ty 


O.4 i - . 10 


t,. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF644, IRF645, IRF646, IRF647 


SLU4SOW YIMOd 
TANNWHO-N 
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FOR TEST CIRCUIT 
SEE FIGURE 17 


DRAIN vec fiGe 
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Ty. JUNCTION TEMPERATURE ( Oc) 
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Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 
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TOTAL GATE CHARGE 
Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


IRF644, IRF645, IRF646, IRF647 


2.0 


1.5 


DRAIN-TO-SOURCE ON RESISTANCE 


Ip. DRAIN CURRENT (AMPERES) 


eG BENS 
pe Sec eNS 
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< ooh 
s 
p be de oe 
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Figure 12 — Typical On Resistance Vs. Drain Current : Figure 13 — Maximum Drain Current Vs. Case 
Temperature 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


GS : 


Figure 14 — Unclamped Energy Test Circuit Figure 15 — Unclamped Energy Waveforms 


Ras 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V 10.2 AS DUT 
BATTERY '}LF 
en 


om 
Vgs= 10V 


PULSE WIDTH < 11.8 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT Ip CURRENT 
SAMPLING RESISTOR ™ SAMPLING RESISTOR 
Figure16 — Switching Time Test Circuit Figure 17 — Gate Charge Test Circuit 
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“HARRIS 


IRF710/711/712/713 


IRF710R/711R/712R/713R 


August 1991 


Features 

¢ 1.7A and 2.0A, 350V - 400V 

¢ rpg(on) = 3.69 and 5.00 

¢ Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


DeSCiiptioii 
The IRF710, IRF711, IRF712, and IRF713 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF710R, IRF711R, IRF712R and IRF713R types are 
advanced power MOSFETs designed, tested, and guaranteed 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-220AB 
TOP VIEW 
DRAIN wl 
I 
(FLANGE) SOURCE 


i 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


” 
to withstand a specified level of energy in the breakdown D = tu 
avalanche mode of operation. All of these power MOSFETs are = 3 
designed for applications such as switching regulators, <= = 
switching converters, motor drivers, relay drivers, and drivers o a 
for high-power bipolar switching transistors requiring high G = = 
speed and low gate-drive power. These types can be operated a. 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF710 IRF711 IRF712 IRF713 
IRF710R IRF711R IRF712R IRF713R UNITS 
Drain-Source Voltage (1) 2 ..sicdevcecee elias cee cees Vos 400 350 400 350 V 
Drain-Gate Voltage (RG@s = 20kM) (1).............08. VDGR 400 350 400 350 V 
Continuous Drain Current 
TES F25°C each ites ssakineied nee ee vile ieee Ip 2 2 1.7 1.7 A 
WH FI OG8G conta niwew sew hua sau caratdiamben ans Ip 1.2 1.2 1.1 1.1 A 
Pulsed Drain Current (3) ........ ce cece eee cee ee eee lpDM 5 5 4.3 4.3 A 
Gate=Source VONage sce rcusiy ase conser neces anaes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TG hee atnkusaciecevay Semie ness ommeatedss Pp 36 36 36 36 W 
Linear Derating Factor.......... ccc cece eee e ete cteeeneens 0.29 0.29 0.29 0.29 W/°C 
Inductive Current, Clamped ......... 0c. cece eee eee wees ILM 6.0 6.0 5.0 5.0 A 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............00 Eas* 120 120 120 120 mJ 
Operating and Storage Junction ............02 cee. Ty TSTG -55to+150 -55to+150 -55to+150 -55to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering.............-. TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1, Ty = +25°C to +150°C. 4. Vop = SOV, starting Ty = +25°C, L = 53mH, Reg = 252, 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. IPEAK = 2A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 931 0.1 


Copyright © Harris Corporation 1991 
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IRF710, IRF717, IRF712, [RF713 IRF710R, IRF7117R, IRF712R, IRF7 13R 


Electrical Characteristics Tc = 250°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage | BVpss | Vq@s=OV, Ip = 250pA 
IRF710/712, IRF710R/712R 


IRF711/713, IRF711R/713R 
Ce a TTT ET i a a 
[Gate-SourceLeakage Fowerd | tase [Vas= 20 00] 
[Gate-Source Leakage Reverse | legs [Vas==200 0 
Zero Gate Voltage Drain Current Ipss_ |Vps= Sarr Rating, Vgg = OV | - | - | 250 | pA | 


Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X RDS(ON) Max, Ves = 10V 
IRF710/711, IRF710R/711R 
IRF712/713, IRF712R/713R eee ea 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 1.1A 
Resistance (Note 2) 
IRF710/711,1RF710R/711R ce) 
IRF712/718, IRF 12R/713R a SC 
Forward Transconductance (Note 2) Vps > 50V, Ip = 1.1A | 10 | 15 | - | SU) 
Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | = | 1385 | - | pF | 
Output Capacitance Coss Sesirigure 10 ane ee Pee ea 
Reverse Transfer Capacitance Crss | | - | 80 [| - | pF {| 
Turn-On Delay Time ta(ON) | VoD = 5OV, Ip = 5.6A, Rg = 242 | = | 80 | 12 | ns | 
; ; See Figure 16. (MOSFET switching times 
Rise Time 10 15 
WINS US ees eS peli independent operating p= 10 fT 15 ns 
Turn-Off Delay Time td ie temperature) p> | at [| 82 [ns 
Fall Time ee ee 
Total Gate Charge tte = 10V, Ip = 2.0A, Vps = 0.8V Max 7.0 12 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge Ponape charge is essentially independent of 
Gate-Drain (‘Miller’) Charge ae 


Internal Drain Inductance Modified MOSFET . 
symbol showing the 
internal device 


inductances. 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


r- 


vi Di Dz 
8\2 
Mio 


Internal Source Inductance S 


Case-to-Sink 


Junction-to-Ambient QJA 


Mounting surface flat, smooth and greased 
Free air operation 


Source Drain Diode Ratings and Characteristics 


| Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. 


a 


ISM 


Diode Forward Voltage (Note 2) | Vgp__| Ty = +25°C, Ig = 2.0A, Vag = OV eee ee ee ee ee 
Reverse Recovery Time Ty = +250C, Ip = 2.0A,dIp/dt=100A/us | 110 | - | 520 | ns | 
Reverse Recovered Charge | QraR_ | Ty=+25%C, Ip = 2.0A,dip/dt=100A/us | 0.40 | - [| 14 | uc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on | 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = SOV, Start Ty = +25°C, L = 53mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeEaAK = 2A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF7170, IRF71717, IRF7172, IRF713) IRF710R, IRF7117R, IRF712R, IRF713R 


Performance Curves 


=== 
aay lee = 


(ioe 


Vos GATE- -TO- eaunee varie? res 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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IRF710, IRF7117, IRF712, IRF713 IRF710R, IRF717R, IRF712R, IRF713R 


Performance Curves (Continued) 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 


CURRENT 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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FIGURE 11. TYPICAL GATE CHARGE vs 
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IRF7170, IRF711, IRF712, IRF713 IRF710R, IRF7171R, IRF7 72R, IRF713R 


Performance Curves (Continued) 
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REQUIRED PEAK |, 


wold 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


N-CHANNEL 
POWER MOSFETs 


E, = 0.5 BVpss Ec= 0.75 BYpss 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
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TYPE 
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CURRENT 
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DUTY FACTOR < 0.1% -Vps 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

© 2.8A and 3.3A, 350V - 400V 

© rps(on) = 1.80 and 2.52 

¢ Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


® High Input Impedance 


Description 


IRF720/721/722/723 
IRF720R/721R/722R/723R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package | 
TO-220AB 
TOP VIEW 
(FLANGE) a CP OURCE 
_—_ ===> DRAIN 


The IRF720, IRF721, IRF722, and IRF723 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF720R, IRF721R, IRF722R and IRF723R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed | 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as _ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 


package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF720 IRF721 IRF722 IRF723 
IRF720R IRF721R IRF722R IRF723R 

Drain-Source Voltage (1) ....... cece cece eee eee eenane Vos 400 350 400 350 
Drain-Gate Voltage (RG@s = 20kQ) (1)........ cece eee VDGR 400 350 400 350 
Continuous Drain Current 

TG S290 wanatcunand eenerenonsweesastiersscs ID 3.3. 3.3 2.8 2.8 

TG 1009 Cohen oi eanenanas ae ea neuaa ea saeed eens Ip 2.1 2.1 1.8 1.8 
Pulsed Drain Current (3) ........ ccc ccc eee eee e ee eeee IDM 13 13 11 11 
Gate-Source Voltage ....... ccc cen eect ectecncetcces Vas +20 +20 +20 +20 
Maximum Power Dissipation 

VO ASO G Feces i itsn Sole pasate ia DoKoEeeReeehiee Pp 50 50 50 50 
Linear Derating Factor............ eRe RE ee ee = 0.4 0.4 0.4 0.4 
Inductive Current, Clamped ......... 0. eee e eee ee eens ILM 12 12 10 10 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 190 190 190 190 
Operating and Storage Junction .............. 006: Ty TstG -55to+150 -55to+150 -55to+150 -55to+150 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Tj = +25°C to +150°C. | 4. Vpp = SOV, starting Ty = +259C, L = 31mH, Re¢s = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 3.3A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Nuniber 
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UNITS 


<< 


1579.1 


IRF720, IRF721, IRF722, IRF723_ IRF720R, IRF721R, IRF722R, IRF723R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | Vgg = OV, Ip = 250A rr ee 
V 


IRF720/722, IRF720R/722R 


iRF721/723, IRFT2TR/T2OR es a a a 
[Gate Threshold Voltage | Vasc [Vos=Vas/Ip=a50uA——SC~=~—~—~‘— CTC 


Gate-Source Leakage Forward lass |Vaq@s=20V ha ea ee eee 
Gate-Source Leakage Reverse lass |Vqs=-20V | - | -500 | nA | 
Zero Gate Voltage Drain Current Ipss 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


Vpos> ID(ON) x RDS(ON) Max, Vgs = 10V 


On-State Drain Current (Note 2) 
IRF720/721, IRF720R/721R 


IRF722/723, IRF722R/723R 


ID(ON) 


Static Drain-Source On-State 'DS(ON) | VGS = 10V, |p = 1.8A 

Resistance (Note 2) 
IRF720/721, IRF720R/721R 1.5 1.8 9) 
IRF722/723, IRF722R/723R 


; ed fee 
| w 


—_ 
Go 
NM 
i | 
= 
G 


a 
Vas= OV, Vps = 26V,1= TOMA 

See Figure 10 
TTurn-OnDelayTime | ton) | Vop=200V, Ip = 3A, Ag =16n 


Rise Time ty See Figure 1 6. (MOSFET switching times 
are essentially independent of operating 


oln®) 
219 |e 
mlm | 


Turn-Off Delay Time la(OFF)_| temperature) ae a 
Fall Time 20 
Total Gate Charge Vas = 10V, Ip = 3.3A, Vpg = 0.8V Max 12 20 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-S e Charge : (Gate charge is essentially independent of 2.0 C 
iGaterSource Chara 5 Oger sting terperctie ee ee ee oe 
Gate-Drain (“Miller”) Charge | Qga | | 60 {| - | nc 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on 
tab to center of die 


internal Drain Inductance 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


we) 


a0 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 


Junction-to-Ambient RQJA Free air operation 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 


Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°9C, L = 31mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 3.3A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF720, IRF721, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 


Performance Curves 


BOps PULSE TEST 


WAS 
Meee 


eats 


Ip. DRAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


40 80 120 160 200 
Vog. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


SSeSss SESS EanNEn Goan IDES NSTESS EER ETERS 
aes OBEAATION IN THIS AREA LIMITEDR HHH 
— S (ON) A 
oe Coo 


mT 
Si alee ele 


ESS ee 
ieee ane! al Bt RS” een eg tH 
[AE 720. t 2A a RO SO 
——— 


—= nN aE 
an / ATT UNIITIN Sel 


ort fet ht 4 ame 
aa a eeeit Sener PY 


Ip. ORAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


1 ; 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 


THERMAL RESPONSE (Zp yc) 


0.4 Se ee SSS rane 
ee ai + THERMAL RESPONSE) TT DUTY FACTOR, D=t ,/to 
1072 SAH eel om conde. Te 


4079 40-4 4073 1072 0.4 4 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF720, IRF721, IRF722, IRF723 IRF720R, IRF7217R, IRF722R, IRF723R 


Performance Curves (Continued) 


pt | eT asec] | 
eS 


Pana 
yar 
PACT 


TRANSCONDUCTANCE (SIEMENS) 


GFs: 


Tp. DRAIN CURRENT (AMPERES) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


BVnssg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


6.75 
-60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE ( °C) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 


1MH2 


“ass = Cos + Cys Cog / (Cg5 + Cgq) 
“Cys + Cgg 


C, CAPACITANCE (pF) 


1 5 7 10 7 2 108 
Vps- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 
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ii 


i 


Ipaq. REVERSE DRAIN CURRENT (AMPERES) 


Vsgg. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 


DORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ros (on): 


.0 
-60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE ( °C) 


FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip = 4A 
FOR TEST CIRCUIT 
SEE FIGURE 17 
0 4 8 12 16 20 
TOTAL GATE CHARGE (nC) 


FIGURE 11. TYPICAL GATE CHARGE vs 
GATE-TO-SOURCE VOLTAGE 


N-CHANNEL 
POWER MOSFETs 


IRF720, IRF727, IRF722, IRF723 IRF 720R, IRF7217R, [RF722R, IRF723R 


errerer es 
eee 


IRF720, IRF721 
ae ee IRF720R, IRF721R 


— NN 
IRF722, IRF723 aT 
IRF722R, IRF723R 


mK 
FERS 
x CEEEEEEEEY 


25 100 125 150 
7 CASE TEURERAttRE { °c) 


Performance Curves (Continued) 


5.0 


a 
Oo 


DRAIN CURRENT (AMPERES) 


Ros (on): DRAIN-TO-SOUACE ON RESISTANCE 


Ip. DRAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


tp 


I 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


oh 
Vas= 10V 
tp 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


E,= 0.5BVpss Ec= 0.75BVpss 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS ' FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


CURRENT 
REGULATOR 


12V |0.2 
BATTERY | }LF 
eth ae 


vol | 
Ves= 10V 


PULSE WIDTH < 11S 
DUTY FACTOR < 0.1% : res 

IG CURRENT Ip CURR 
SAMPLING RESISTOR — ete MEBISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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a} HARRIS 


IRF730/731/732/733 


IRF730R/731R/732R/733R 


August 1991 


Features 

e 4.5A and 5.5A, 350V - 400V 

® rps(on) = 1.02 and 1.52 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Vescriptioi 


The IRF730, IRF731, IRF732, and IRF733 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF730R, IRF731R, IRF732R and !IRF733R types are 
advanced power MOSFETs designed, tested, and guaranteed 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-220AB 
TOP VIEW 
DRAIN | 
I ——————— 
(FLANGE) SOURCE 


> DRAIN 


= 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


7) 
to withstand a specified level of energy in the breakdown D = tis 
avalanche mode of operation. All of these power MOSFETs are ae 
designed for applications such as switching regulators, = = 
switching converters, motor drivers, relay drivers, and drivers © a 
for high-power bipolar switching transistors requiring high G = = 
speed and low gate-drive power. These types can be operated Qo. 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF730 IRF731 IRF732 IRF733 
IRF730R IRF731R IRF732R IRF733R UNITS 
Drain-Source Voltage (1) 2... cece eee een eens Vos 400 350 400 350 V 
Drain-Gate Voltage (RGs = 20k) (1)............088, VDGR 400 350 400 350 Vv 
Continuous Drain Current 
Ae ote ad CR OT err re er erry Ip 5.5 5.5 4.5 4.5 A 
TS IOOCG seed See eeae tetas eee howaw eens Ip 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current (3) 2... ... cece ee ee eee cece eens IDM 22 22 18 18 A 
Gate-Source Voltage .......cecseccsenccseenesocsens Ves +20 +20 +20 £20 V 
Maximum Power Dissipation 
TO A259G heeds tl wate Bed ora eins Seedkeseaeles Pp 75 75 75 75 W 
Linear Derating Factor. ...... cece cece cece ents teenies 0.6 0.6 0.6 0.6 W/°C 
Inductive Current, Clamped .......... cc ccc ce cece eevee ILM 22 22 18 18 A 
(See Figure 14, L = 100pH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 300 300 300 300 mJ 
Operating and Storage Junction .............0008. Ty TSTG  -55to+150 -55to+150 -S5to+150 -55to+150 nd © 
Temperature Range 
Maximum Lead Temperature for Soldering ..............- TL 300 300 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 17mH, Res = 25, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 5.5A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 5 80.1 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250pA 
IRF730/732, IRF730R/732R 


LIMITS 


A | re 


fico | - | - |v 


IRF731/733, IRF731R/733R | 350 | - | - | Vv | 
[Gate ThreshoidVottage =| Vast [Vos=Vas.Ip=250A SCC S| CCT «TCC 


Gate-Source Leakage Forward lass |Vas=20V Sa 
Gate-Source Leakage Reverse less |VGs=-20V 
Zero Gate Voltage Drain Current Ipss__-| Vps = Max Rating, Veg = OV 


Vps = Max Rating x 0.8, Vas = OV, 
Ty = +1259C 


Vps> ID(ON) x RDS(ON) Max, Vas = 10V 


TDS(ON) | VGS = 10V, Ip =3.0A 


1000 


On-State Drain Current (Note 2) 
IRF730/731, IRF730R/731R 


IRF732/733, IRF732R/733R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF730/731, IRF730R/731R 


IRF732/733, IRF732R/733R 


Vas = OV, Vps = 25V,1= 1 0MRz 
See Figure 10 
Crass 


1.0 


1 


(o) 


as 


(Pe) mk, 
on N on 


Turn-On Delay Time | ta(ON) | VoD = 200V, Ip ~ 5.5A, Rg = 122 

Sel a 
: are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature) 

Fall Time 

Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 

Gate-Drain (“Miller”) Charge | Qgq | 


internal Drain Inductance 


a 


co} =] ms 7 
ol Olo Oy On ra) 


Vas = 10V, Ip = 5.5A, Vpg = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on 
tab to center of die 


NS 
io 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


Mounting surface flat, smooth and greased. 
Free air operation 


| Rosa _| 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 

Reverse Recovery Time Ty = +25°C, Ir = 5.5A, die/dt = 100A/us 

Reverse Recovered Charge | QraR | Ty=+259C, lp = 5.5A, dif/dt = 100A/ps 

Forward Turn-on Time ton Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +259C, L = 17mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, Ipeak = 5.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Performance Curves 


Vos 2 SOV TaESeR EUS" 


ian eae Dae 


Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


| f 
0 40 80 120 160 200 107 5 10 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


ES er OR EI Se ae ee ee aD i 
OPERATION IN THIS AREA LIMITED: 
Y Fos (ON) 


N-CHANNEL 
POWER MOSFETs 


TAF 730. Se eee as Saati anee 


a 8s ee 


Ip. ORAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


Nt 
5 IAF730, 2 
Tye 150°C pve 
SINGLE PULSE IRF 734. 3 
“4 2 5: 4G <2 5 492 2 5 193 
Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vpg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 


= 
© 


; Snail = a 


aan men na 200 See ae 
RIGS 27 eae 
re ttt 1] eae a 


THERMAL RESPONSE (Zi yc) 


= 
i aol s maaan 
= LE PULSE A. De 
PTT StNeamaL RESPONSE) el Ty Facro Dee 
1072 tri 2. PEAK Ty=Pom * Zthuc + Tc 


4979 4054 1073 407¢ 0.4 4 10 
t4, RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF737R, IRF732R, IRF733R 


Performance Curves (Continued) 
: 40 


TRANSCONDUCTANCE (SIEMENS) 


fs: 


.e] 
Ina. REVERSE ORAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
‘FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE . 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMAL IZED) 


BVpsg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


0.85 x 
Cc 
As 
i?) 
OQ 
a 
0.75 0 
=60 -40 -20 0 20 40 60 B80 100 120 140 160 -60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE ( °C) Ty. JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 
1500 
= Cos + Cog: Cys SHORTED 7 
= C Lead 
gd _J 
1200 fo) 
ee © LLL [ios,- 2D 
a Cys + C uJ W (| 
s : ett LLL AL I 
Q < 
a - 
g00 SS a Y, 
i S VW 
2 iy Y/, 
Ke Ss) 
cal jag 
OO mm ] 
& 600 oD 
Pa ia 
| 
Z Eee eee J 
oo |W _LENM an oe an el 
a Sel » | | | 
> FOR TEST CIRCUIT 
SEE FIGURE 17 
7 2 5 2 5 102 0 B 16 24 32 40 
_Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF7317R, [RF732R, IRF733R_ - 


Performance Curves (Continued) 


IRF730, IRF731 
IRF730R, IRF731R 


IRF732, IRF733 
IRF732R, IRF733R 


ORAIN-TO-SOURCE ON RESISTANCE 


Ip. DRAIN CURRENT (AMPERES) 


= 
6 
w 
QO 
leg 

Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE ( °C) 

FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 
| Vos 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


REQUIRED PEAK I 


oh 
Vas= 10V}=— 
p 


Res 


Vas = 10V DUT 
tp 


N-CHANNEL 
POWER MOSFETs 


IL 


Ey = 0.5 BYpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


DS 
(ISOLATED 
SUPPLY) 
SAME 


TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V (0.2 
Rp BATTERY '}LF 
ale 


DUT 


DUT 


Re + 
_ Vpp 
Vas= 4 | a 
PULSE WIDTH < 12S : I | 1.5mA 


DUTY FACTOR < 0.1% © -Vps 


IG CURRENT —L- Ip CURRENT 
—_ SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF740/741/742/743 
IRF740R/741R/742R/743R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

© 8A.and 10A, 350V - 400V 

® rps(on) = 0.552 and 0.820, 

e Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


_ The IRF740, IRF741, IRF742, and IRF743 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF740R, IRF741R, IRF742R and IRF743R types are 
advanced power MOSFETs designed, tested, and guaranteed 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF740 IRF741 IRF742 IRF743 
IRF740R IRF741R IRF742R IRF743R UNITS 
Drain-Source Voltage (1) ...... cece cece cece eee eee ences Vps 400 350 400 350 V 
Drain-Gate Voltage (RGsS = 20k) (1)...........00 08 VDGR 400 350 400 350 V 
Continuous Drain Current 
WOH Ae OC GS sehaewataws yu eevauniewnkeneeneuseeeeys Ip 10 10 8.0 8.0 A 
NG = PTO0CG nae cr utesseets Staseta arses vereeriee es Ip 6.3 6.3 5.2 5.2 A 
Pulsed Drain Current (3)... 0... cece cece reece eee eens IDM 40 40 33 33 A 
Gate-Source Voltage ..........c eee eee eees ake ee eae Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TG Fe SOC on ss com eee hd iar Mowe sae A eye ae Pp 125 125 125 125 W 
Linear Derating Factor........cccc cece ec ccceevecsecceeecs 1.0 1.0 1.0 1.0 W/°C 
Inductive Current, Clamped ......... ccc cece eee eee enees ILM 40 40 32 32 A 
(See Figure 14, L = 100yu1H) 
Single Pulse Avalanche Energy Rating (4).............6. Eas* 520 520 520 520 mJ 
Operating and Storage Junction ..........ceeeeees Ty TsTG -55to+150 -55to+150 -55to+150 -55to +150 0G 
Temperature Range 
Maximum Lead Temperature for Soldering ............0+ Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 9.1mMH, Reg = 252, 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. IPEAK = 10A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 931 1 -1 
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Package 
TO-220AB 
TOP VIEW 
DRAIN 7 
E>. 
(FLANGE) SOURCE 


Ls 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


4-344 


IRF 740, IRF741, IRF742, IRF743 IRF740R, IRF7417R, IRF742R, IRF743R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


4 LIMITS 
CHARACTERISTIC TEST CONDITIONS a were 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250nA 
IRF740/742, IRF740R/742R 


IRF741/743, IRF741R/743R } =| 
[Gate TresholdVotage | Vas [Vos = Van 1p =25A 20 
Gate Sees eakceoF orm = | “Ness (Wes=200 ee pol 
ate-Source Leakage Reverse | toss [Vas=-207 = f -o00 a 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | - | - | 250 
Vps = Max Rating x 0.8, Vas = OV, 1000 | uA 
Ea ka eee mn cc el 


On-State Drain Current (Note 2) 
IRF740/741, IRF740R/741R 


IRF742/743, IRFT42R/TAGR Pes | - | - | a_ 
Static Drain-Source On-State 'DS(ON) | VGS = 10V, Ip = 5.2A 
Resistance (Note 2) 

IRF740/741, IRF740R/741R 0.47 0.55 9) 


IRF742/743, IRF742R/743R 


[=| 088_[ 080 [a 


Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | = | 1250 | - | pF 
Output Capacitance Coss | See Figure 10 


Reverse Transfer Capacitance Crss | = | 80 | - | pF | 
Turn-On Delay Time ta(ON) | VDD = 200V, Ip = 10A, RG = 9.12 i ee ee 
ee ee Nese ees aL aie 

- are essentially independent of operating 

Turn-Off Delay Time 'a(OFF)_| temperature) Bee Ee ee 

Fall Time ae = [| 36 _| 

Total Gate Charge Vgs = 10V, Ip = 10A, Vps = 0.8V Max 41 63 n 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

te-Source Charge (Gate charge is essentially independent of 6.5 7 

|Gate-Source Charge | Gas | Seating temperature) | = | 65 | 

Gate-Drain (“Miller”) Charge | Qgq | ) = [ 2 | nC 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on 
tab to center of die 


Internal Drain Inductance 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


S =) 


— 


Internal Source Inductance Ls Measured from the n 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Junction-to-Case ReJC oC /W 
Case-to-Sink Recs | Mounting surface flat,smoothandgreased | - | 05 { - — |[ °C/W | 
Junction-to-Ambient RoJA Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = SOV, Start Ty = +25°C, L = 9.1mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeaK = 10A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 


Performance Curves 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


FEE 


200 


ae ae ae 
Vps: DRAIN- -T0-SOuRCE VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


15 aan ae C0 Gaga Cee Ee ag : 
OPERATION IN THIS AREA L 
S (ON) 


Ip. DRAIN CURRENT (AMPERES) ‘ 
Ip. DRAIN CURRENT (AMPERES) 


0 2 4 6 8 10 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos: DRAIN-TO- -SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
ae: 0 
(a) —el 33 See er oe oes ee —— 
2 — oan sae 
A 
vy, Seniiieewaliessl mes om 
TF eae 
Zz en eo 
oe 0 1 paneer 7 2 = 
op} 
LJ 
am 
4072 
= ae ease 1. DUTY FACTOR, D=t,/to 
Li = + 
PF n-3 ae => PERS Try Sthoe. 
= 107 


4075 1074 4073 407¢ 0.4 4 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) 
FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF 740, IRF741, IRF742, IRF743 IRF740R, IRF747R, IRF742R, IRF743R 


TRANSCONDUCTANCE (SIEMENS) 


Ifs: 
Ip. REVERSE DRAIN CURRENT (AMPERES) 


b.0 0.3 0.6 0.9 1.2 1.5 
Ip. DRAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
1.25 3.0 


lw 
(@) 
=z 
<< 
oe 
2 
”a 
it ra 
joa aww) iL 
z Lig LL. 
5 = “7 
z= © 
1.05 Oe ese <= 
i a 
BY i 
Rie z= 
oz f= 
0.95 T B1.2 on 
me. dle 
“4 
oq 
a 
Q 


BVpsg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.85 » 0.6 
5 
io) 
QO 
ion 
0.75 
-60 -40 -20 0 20 40 60 80 100 120 140 160 ©. 060 40-200 2040 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE ( °C) Ty. JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 
= Cys + Cag. Cys SHORTED = 
2000 * “9d : 
NI = Cys + Cys Cog / (Cgs + Coq! = 
. \ Cys * gg it 
SL ALL : 
w 1500 ! SN. i = 
O > 
SoM ENUM ELUM ETI : 
oO \ =) 
& 1000 8 
< { 
: a [ : 
500 o 
HE : 
oss ss FOR TEST CIRCUIT 
rest LL ||| ae eae 
2 5 10 2 5 102 2 5 103 °5 12 2a 36 A8 60 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 


VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF 740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 


Performance Curves (Continued) 


BOps PULSE TEST +} 


5.0 


Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 
Ip, DRAIN CURRENT (AMPERES) 


0 10 20 40 50 25 50 a) 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (*C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
| TEMPERATURE 
ps 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


were 
tp 


IL 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


whe 
Ves= 10V i= 
p 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


E1 = 0.5BVpsg Ec= 0.75BVpsg 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


CURRENT 
REGULATOR 


12V {0.2 
BATTERY '}LF 
pe ae 


oy 
Ves= 10V 


PULSE WIDTH < 11S 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L ip CURRENT 
SAMPLING RESISTOR ~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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™ HARRIS IRF820/821/822/823 
IRF820R/821R/822R/823R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
e 2.2 and 2.5A, 450V - 500V 
® rps(on) = 3.02 and 4.020 


TO-220AB 
TOP VIEW 


aha ~ ===> source 
(FLANGE) DRAIN 
e SOA is Power-Dissipation Limited | SS ~GATE 


e Single Pulse Avalanche Energy Rated* 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF820, IRF821, IRF822, and IRF823 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF820R, IRF821R, IRF822R and IRF823R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as_ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF820 IRF821 IRF822 IRF823 
IRF820R IRF821R IRF822R IRF823R UNITS 

Drain-Source Voltage (1) .. 2... ccc cece eee cece en enee Vos 500 450 500 450 V 
Drain-Gate Voltage (RGsS = 20kM)(1)................ VDGR 500 450 500 450 V 
Continuous Drain Current 

TGS F259 cwrvhovevas ety reer yeneens sake utes lames ID 2.5 2.5 2.0 2.0 A 

UG A IOOSG facts soho es Crate geese xe see Ip 1.6 1.6 1.4 1.4 A 
Pulsed Drain Current (3) ........ cee cece cece eee eens IDM 8.0 8.0 7.0 7.0 A 
Gate-Source Voltage ......... ccc cc cece cece cer seccee Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TOS 420°C... bai ormraekleatioweiie sts tudha pa baie Pp 50 50 50 50 W 
Linear Derating: Factores. 0c oes ice eleee Meow eviwousd ecaseess 0.40 0.40 0.40 0.40 W/9C 
Inductive Current, Clamped .......... ccc cece cece eee nes ILM 10 10 8.0 8.0 A 

(See Figure 14, LL = 100yH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 210 210 210 210 mJ 
Operating and Storage Junction .............. eee Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering.............6. TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 50V, starting Ty = +25°C, L = 60mH, Res = 250, 
2. Pulse Test: Pulse width < 300ns, Duty Cycle < 2%. IPEAK = 2.5A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 1 581 1 
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N-CHANNEL 
POWER MOSFETs 


IRF820, IRF8&217, IRF822, IRF823 IRF&20R, IRF8&27R, IRF&22R, IRF&23R 


UNITS © 


450 {| - {| - | Vv 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


= | LIMITS 
| CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | 


Drain-Source Breakdown Voltage BVpss Ves = OV, Ip = 250A 
IRF820/822, IRF820R/822R | 


IRF821/823, IRF821R/823R 


Gate Threshold Volags Tsay eves Se i a ee ee 
Gate-Source Leakage Forward lass |Vg@sg=20V lig saeas nA 


bj 
> 


2) 


Gate-Source Leakage Reverse _ loss |Vas=-20V 


Zero Gate Voltage Drain Current IpDss 


Vps = Max Rating, V@g = OV 


Vps = Max Rating x 0.8, Vas = OV, | 
Ty = +1259C 


Vps > ID(ON) X RDS(ON) Max, Ves = 10V 


> 


On-State Drain Current (Note 2) 
IRF820/821, IRF820R/821R 


ID(ON) 


IRF822/823, IRF822R/823R 


Static Drain-Source On-State | 
Resistance (Note 2) 
IRF820/821, IRF820R/821R 


IRF822/823, IRF822R/823R 


ais E 
's8 | Vas = 0V, Vps= 26V,1= 1.0MHz 
See Figure 10 


TDS(ON) | VGS = 10V, Ip =1.4A 


To 


oO 
T 
Ti 


=e 

alaolo 

ciee| 4] eH 
nln 

Zin In 


= QD] ro} 
ioe) 
oO 


Turn-On Delay Time Vpp = 250V, Ip = 2.5A, Rg = 189 11 
Rise Ti t See Figure 16. (MOSFET switching times 11 13 
Ge Scena ndesendentGicceing, ee el es 

Turn-Off Delay Time td(OFF)_| temperature) ee ee 
Fall Time | ee ee 
Total Gate Charge Vas = 10V, Ip = 2.5A, Vps = 0.8V Max 12 19 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of C 
Gate-Drain (“Miller”) Charge ee ee C 
Internal Drain Inductance Measured from the Modified MOSFET ; 

contact screw on symbol showing the 

tab to center of die internal device 


inductances. 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 


Ls 
pad. 
Junction-to-Case OG ene ek oe ee el 


Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 
Junetion-to-Ambient ROA 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET P 
(Body Diode) symbol showing the 
| integral reverse 
P-N junc. rectifier. 


ie) 
oO 
3/5]/5 
x= 


Internal Source Inductance 


° 
fe) 


Py 

oO 
fe) 
foo 


3|3 


nh 
oi 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


ok, 

wo 

o) 
z|3 
ALO 
No _ 
on) rep) 


(Body Diode) (Note 3) 
Ty = +259C, Ip = 2.5A, dif/dt = 100A/ps 
Ty = +25°C, Ip = 2.5A, diF/dt = 100A/ps : 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


Pulse Source Current 
S 
Ty = +2596, Is = 2.5A, VGsg = OV 


Oo 
oO 
NJ 
= 
O 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +25°C, L = 6OmH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 2.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF820, IRF821, IRF822, IRF823 IRF820R, IRF827R, IRF822R, IRF&823R 


Performance Curves 


Ip, ORAIN CURRENT (AMPERES) 


yn) 
lu 
Cc 
lu 
Q. 
= 
ras 
ke 
z 
uJ 
a 
x 
2 
oO 
Zz 
eH 
< 
ac 
Q 
oO 
Le 


50 100 150 200 250 © 
Vog. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


pales tae ges 


[7 Soot 2 
ett ttt Ae ooo af 
gS edo 6.0V B emt em = 2 
tH A ae c <= 
a. Sa tu IRF820, IRF821 = 
ETT AT fo EN eg 
— < 
3 “A = is —— + = 
. | b > 
iW 5 IRF822R, IRF823R o. 
a aa IRF820, IRF821 
eo = IRF820R, IRF821R , 
a e a IRF822, IRFB23 
z z IRF822R, IRF823R 
c ra ES 
a tN ttt 
: mamas | SEER 
é : 
a & 
IRF821, IRF823 | 
IRF821R, IRF823R 
or IRF820, _1RFE2 1 , Bil 
S IRF820R, IRF821 OC 
/ 4.0V 
° r 8 12 16 20 Duak cas Taig ee ee a 103 
Vos. DORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. DRAIN-TO-SOURCE VOLTAGE wees) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
OO a ee os ees ss SS Ss SSS Ss 


{| ail ice 5 
ee east aaa aaa mseet! TT 1 Lom 
pO~0 Sembee SS eneens =a ———aaallll 
SE as ————ss:——— Gaunnanuns Gunn Guunanmnenananene, Cama=SS ONSnSonn>enDaena: ee 
a stoped ——— ne aS =r 
tpt pet ee th 4 SSocerth SeceSS Pa 
— a BaG0) ad i Saad See 
Pett oc 


Pee Zatti NN 
eo 


at, tn NRE OES SUED un enw Om = SSS Ss oS 


ett ttth GLE PU ooo 


eee e 
Ser NEAR AL ee mani 4. OUTY FACTOR, O= ty/to 


1072 Po oo -t SEAS Owe finde = ec 


4079 1074 4073 1072 0.4 4 40 
t,, RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (24 j¢) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF820, IRF821, IRF822, IRF823 IRF820R, IRF821R, IRF822R, IRF823R 


Performance Curves (Continued) 
4.9 


BOvs PULSE TEST | SR CY (SNIPE COREA RA CS NS RT 


| 
|| 
| 
\ 


~~. 
TAS 
TH 


TRANSCONODUCTANCE (SIEMENS) 


a a 

im ae 
es eee 

asta 

8 1.2 1 


er ae 
mai 


Ing. REVERSE DRAIN CURRENT (AMPERES) 


at 
.0 0.0 


Ox 6 2.0 
Ip. ORAIN CURRENT (AMPERES) _ Vgp. SOURCE-TO-ORAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
i 3.0 


eee ae ce 
ReZaee 


= 
@ 


(NORMALIZED) 


DRAIN-TO-SOURCE ON RESISTANCE 
fv 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0. > 0.6 
x) 
i¢2) 
Qa 
Cc 
0.75" 0-055 40-200 20-40” 60 BO 100 120 
=60 -40 -20 0 20 40 60 80 100 120 140 160 140 160 
Ty. JUNCTION TEMPERATURE ( °C) Tp GIONS TEMPEH STORE: ee) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 


TEMPERATURE 


Vog = OV. ¢ = IMHZ 


aa al 
Cigs = Cgs + Cgg. Cys SHORTED 


Vos = 400V_ IRF820, IRF822 


n 
on ane = Cgq 3 IRF820R, IRF822R 
Enea Cae Coa: Coal’: Gye) Coal = i ae DT | 
S Nee acey7en 
w 600 Fs) : 
2 | N. tg ACW es 
< ‘ MS oO 
ar ae / 
etl ee nna 
5 RN UE Te > 1] | | _ wy tt 
G \ IN S —— W7 
Pe eee aiEll Ball : Yaimse a aie 
SSC CO » ooo 
ee ee lll SEE FIGURE TY 
ra 2 5 10 2 5 102 0 r 8 12 16 20 
Vpg: ORAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF820, IRF821, IRF822, IRF823 IRF8&20R, IRF&827R, IRF822R, IRF&823R 


Performance Curves (Continued) 


tw 


IRF822, IRF823 
IRF822R, IRF823R 


DAAIN-TO-SOQURCE ON RESISTANCE 


Ip. ORAIN CURRENT (AMPERES) 


¢ 
o 
oe 
0 2 4 6 9 10 ms 
Ip. DRAIN CURRENT (AMPERES) To. CASE TEMPERATURE ( °C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 
Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Veg = 10V DUT A 
tp Vesg= 10V tp 


IL 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Res 


N-CHANNEL 
POWER MOSFETs 


E, = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+ Vos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 

SAME 

— TYPE 

12V |0.2 AS DUT 
Rp BATTERY '}LF 
ie ea 


DUT 


Rg + 
Vas= 4 | ~ Yop 
PULSE WIDTH < 18 P I _ | Lom 


DUTY FACTOR < 0.1% -Vos 
IG CURRENT —K Ip CURRENT 
—- SAMPLING RESISTOR — SAMPLING RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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@) HARRIS 


August 1991 


IRF830/831/832/833 
IRF830R/831R/832R/833R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features Package 
TO-220AB 
© 4.0A and 4.5A, 450V - 500V TOP VIEW 
® rps(on) = 1.52 and 2.00 
¢ Single Pulse Avalanche Energy Rated* pogtire ———— SOURCE 


e SOA is Power-Dissipation Limited | 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF830, IRF831, IRF832, and IRF833 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF830R, IRF831R, IRF832R and IRF833R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 7 G 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF830 IRF831 IRF832 IRF833 
IRF830R IRF831R IRF832R IRF833R UNITS 

Drain-Source Voltage (1) ...... cece cece ete cee eeeee Vos 500 450 500 450 V 
Drain-Gate Voltage (RG@S = 20K) (1)... cece eee VDGR 500 450 500 450 V 
Continuous Drain Current 

VO F259 bia daiciasean sotteh aaa e nna ke eee Ip 4.5 4.5 4.0 4.0 A 

IG =F LOOSG ae say os tw ie saat Saw case haw tereslnae Se we’s Ip 3.0 3.0 2.5 2.5 A 
Pulsed Drain Current (3) ........ cece cece cece eee ee cease loM 18 18 16 16 A 
Gate-Source Voltage: sis cc eewede cece eine costae sews Ves +20 +20 +20 +20 V 
Maximum Power Dissipation | 

UGS tel Cu reta nedan weds wtewedebntaas see neaine tien Pop 75 75 75 15 W 
Linear Derating Factor........c.cccc cee cceccceeceenevcues 0.6 0.6 0.6 0.6 W/°C 
inductive Current, Clamped ........ mee nh te famsied watiaars ILM 18 18 16 16 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 300 300 300 300 mJ 
Operating and Storage Junction ............. eee Ty TsTG ~55to+150 -55to+150 -55to+150 -55to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 25mH, Regs = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 4.5A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |!.C. handling procedures should be followed. File Number 1 582.1 
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IRF830, IRF831, IRF832, IRF833 IRF&30R, IRF&837R, IRF&832R, IRF833R 


LIMITS 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


[Min [| TYP | MAX_| UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vas = OV, Ip = 250nA 


IRF831/833, IRF831R/833R | 450 | - | = | Vv 
V 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Vgs = OV 
Vps = Max Rating x 0.8, Vas = OV, 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) Vps> ID(ON) x RDS(ON) Max, VGs = 10V 
IRF830/831, IRF830R/831R 


nA 
nA 


> 


LA 


IRF832/833, IRF832R/833R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF830/831, IRF830R/831R 


IRF832/833, IRF832R/833R 


Forward Transconductance (Note 2) Vps > 50V, Ip = 2.5A 

Input Capacitance Ciss Vas = OV, Vps = 25V, f = 1.0iviHz 

Output Capacitance Coss _| See Figure 10 

Reverse Transfer Capacitance Crss 

Turn-On Delay Time tdiON Vpp = 250V, Ip = 4.5A, Rg = 122 

Rise Time Cape See Figure 16. (MOSFET switching times 

; are essentially independent of operating 

Turn-Off Delay Time td(OFF)_| temperature) 

Fall Time | te | 

Total Gate Charge Vas = 10V, Ip = 4.5A, Vps =0.8V Max 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge 2 (Gate charge is essentially independent of 
- ; : | gs | operating temperature.) 

Gate-Drain (‘Miller’) Charge | Qga_ | 


Internal Drain Inductance Lp Measured fromthe . | Modified MOSFET 

contact screw on symbol showing the 

tab to center of die internal device 
inductances. 


DS(ON) | VGS = 10V, Ip = 2.5A 
1.5 


rh 
N 


ue) 


” 
s/ 3 z°) on Paw = 
| ef et fatal alzleefelstafelslal> fot | splelel< 


ye) 
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23 


Ww 
i) 
on 
ie) 


23 


Ae) 
ine) 


© : Go} a] =| | = o ne 
ro) roa) on) ee od) o on O16 Mn] 
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3 
<= 
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Measured from the 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Ls Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


=) 
a si 


Internal Source Inductance 


“J 
~] 


Junction-to-Case Rec oC 
) 


Case-to-Sink Recs | Mounting surface flat, smooth and greased 
Junction-to-Ambient R@JA Free airoperation _ 


Source Drain Diode Ratings and Characteristics 
Modified MOSFET 


Continuous Source Current Is 

(Body Diode) symbol showing the 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 4.5A, Vag = OV ; 
Reverse Recovery Time Ty = +259C, IF = 4.5A, dip/dt = 100A/us 
Reverse Recovered Charge = = 


Forward Turn-on Time 


Ty = +259, Ip = 4.5A, dif/dt = 100A/s 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +259C, L = 25mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpeaK = 4.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF830, IRF831, IRF832, IRF833 IRF830R, IRF837R, IRF&832R, IRF&833R 


5 5V 
wT 1. 
PEC 


Jay 


Ip. DRAIN CURRENT (AMPERES) 
a 


tp. ORAIN CURRENT (AMPERES) 


0 100 200 300 
Vos. ORAIN.TO-SOURCE VOLTAGE (VOLTS) Vos. GATE TO-‘SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


)PERATION IN THIS 
REA IS LIMITED 


¥ Rosion) 


aN e a 


We NUSIN Seni 
Se aN 


Ip, ORAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


T Bs = 150% MAX. [Pt TIT I 
Rac 87 + w—yt Siz aN 


A 
0 2 4 866 8 10 10 2 5 10 20 50 100 200 500 
Vps. ORAIN.TO-SOURCE VOLTAGE (VOLTS) Vp. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


—— 
7 
INGLE PULSE (TRANSIENT 7 _] 
Oe THERMAL IMPEDANCE) 


, 10-5 2. 5 19-4 2 5 10-3 2 5 10-2 2 5 10-1 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


THERMAL IMPEDANCE (PER UNIT) 


ice 
=a 
___—1 
= See 
ie 
ed 
—— 
aaa 
a oes 
| Sd 
At 


= 1.67 DEG. C/W. 


Zthc(t)/Ryhyc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to- Case Vs. Pulse Duration 
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IRF830, IRF831, IRF832, IRF833 IRF830R, IRF831R, IRF&32R, IRF833R 
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: Ee 
0 1 2 3 4 
Ip. DRAIN CURRENT (AMPERES) Vsp. SOURCE-TO-ORAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


BVpsg, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 

Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
N-CHANNEL 

POWER MOSFETs 


-40 0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Cis. = Cos + Coq, Cus SHORTED 
Coss = Cog 

Cy, C 

g “gd 
Coss = Cas + 
oss ~ “ds gs * Cod 


C. CAPACITANCE (pF) 
Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


ID = 6A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


0 10 20 30 40 50 32 40 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF830, IRF837, IRF832, IRF833 IRF830R, IRF837R, [RF832R, IRF&33R 


TES] 


80¥s PULS 


ase eee 
eee eee ee 
See ee ee 
BRE ate 2e 
eae 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on): 


0 4 8 12 16 
Ip. ORAIN CURRENT (AMPERES) 


20 


Fig. 12 — Typical On-Resistance Vs. Drain Current 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Ves= 10V ‘DUT 


tp 


I 


E, = 0.5BVpsg Ec= 0.75BVpss | 


Fig. 14a — Clamped Inductive Test Circuit 


Fig. 14b — Clamped Inductive Waveforms 


Vgs= 10V 


PULSE WIDTH < 1pS | 
DUTY FACTOR < 0.1% 


Fig. 16 — Switching Time Test Circuit 


IRF830, IRF831 
IRF830R, IRF831R ~ 


IRF832, IRF833 
IRF832R, IRF833R 


Ip, ORAIN CURRENT (AMPERES) 


0 
25 50 75 100 125 
Tc. CASE TEMPERATURE ( °C) 


Fig. 13 — Maximum Drain Current Vs. Case 
Temperature 


Vps 


VARY tp TO OBTAIN 


REQUIRED PEAK 1, Res 


Vgs= 10V 


Fig. 15b — Unclamped Energy Waveforms 


+Vps 
(ISOLATED 

SUPPLY) 
SAME 


TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
BATTERY '}F 
en ae 


-Vos 
IG CURRENT —L Ip CURRENT 
SAMPLING RESISTOR = SAMPLING RESISTOR 


Fig. 17 — Gate Charge Test Circuit 
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Features 

e 7A and 8A, 450V - 500V 

®* rps(on) = 0.852 and 1.120 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


® High Input Impedance 


The IRF840, IRF841, IRF842, and IRF843 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF840R, IRF841R, IRF842R and IRF843R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown . D 


avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


IRF840/841/842/843 
IRF840R/841R/842R/843R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-220AB 
TOP VIEW 
ANCE ===> SOURCE 
pa DRAIN 


N-CHANNEL 
POWER MOSFETs 


The IRF types are supplied in the JEDEC TO-220AB plastic S 


package. 


Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 


Drain-Source Voltage (1) 1.0... cece cece eee c eee eee 
Drain-Gate Voltage (RGs = 20kKN) (1).............08. 


Continuous Drain Current 


TG 4299S sace iste taccae ates meee tate tape es 

TGS 1008 tad Ce er edie atoree twee rareticerts 
Pulsed Drain Current (3) ........ cece cece cece eee ecees 
Gate-Source Voltage ......... ccc cece cece eee eeeenees 


Maximum Power Dissipation 


TG = b25°C s ee'cb te waa oniarnntee se Rovere 
Linear Derating Factor......... cece eee eee cece eeees 
Inductive Current, Clamped .........cc cece cece cen eees 


(See Figure 14, L = 100yH) 


Single Pulse Avalanche Energy Rating (4)............... 
Operating and Storage Junction ............0000e 


Temperature Range 


Maximum Lead Temperature for Soldering............... 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


IRF840 IRF841 IRF842 IRF843 
IRF840R ——IRF841R IRF842R _—swIRF843R UNITS 
Vps 500 450 500 450 V 
VDGR 500 450 500 450 V 
ID. 8.0 8.0 7.0 7.0 A 
Ip 5.1 5.1 4.4 4.4 A 
loM 32 32 28 28 A 
Ves +20 +20 +20 +20 V 
Pp 125 125 125 125 Ww 
ee 1.0 1.0 1.0 1.0 W/9G 
ILM 32 32 28 28 A 
East 510 510 510 510 mJ 
Ty Tstg -55to+150 -55to+150 -55to+150 -55to+150 oC 
TL 300 300 300 300 oC 


4. Vop = SOV, starting Ty = +25°C, L = 14mH, Reg = 252, 
IPEAK = 8A. See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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IRF840, IRF841, IRF842, IRF843 IRF&840R, IRF841R, IRF842R, IRF843R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = 250pA | 
IRF840/842, IRF840R/842R | Vv 
IRF841/843, IRF841R/843R ee ee ee ee 


[Gate Treshoid Votage | Vaan [Vos =Vesp=250A [20] P40 | 
[Gate-Source Leakage Forward | less |Vas=20v___| - | =] 500] na 
[Gate-SourceLeakageReverse | Igss |Vas=-200 800 a 
Zero Gate Voltage Drain Current lage Vps = Max Rating, Vgs = OV | o- | - | 250 | pA | 


Vps = Max Rating x 0.8, Vas = OV, 1000 pA 
Ty = +1259C 
id lial © ee ee 


oe a ae 
Vas = 10V, Ip = 4.4A 


On-State Drain Current (Note 2) 
IRF840/841, IRF840R/841R 


IRF842/843, IRF842R/843R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF840/841, IRF840R/841R 


IRF842/843, IRF842R/843R 


pp 


~J] a 
LO 
— 
as 
L 
Ss 


Forward Transconductance (Note 2) Vps > 5OV, Ip = 4.4A 

finputGapacitance Vas = OV, Vps = 25V,1= 1 OMHz (i225 | - | oF 

[OutputGapactance pe i a a 

[Reverse Transfer Capacitance ee ee 
Turn-On Delay Time | tq(on) | Vpop = 250V, Ip = 8A, Rg = 9.19. | 15 [| 21) | ons | 
Rise Ti See Figure 16. (MOSFET switching times 

PENS IO Sn sc anlly ndependeriol ooerctina ee ee 
Turn-Off Delay Time td(OFF)_| temperature) | 50 | 74 | ns | 
Fall Time | | 20 | 30 ns 
Total Gate Charge Ves = 10V, Ip = 8A, Vos = 0.8V Max nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


(Gate charge is essentially independent of 


Gate-Source Charge | 7.0 nC 
oe ang eae ee ee 
Gate-Drain (“Miller”) Charge | 22 | - | nc 
Internal Drain Inductance Measured from the Modified MOSFET nH 
contact screw on symbol showing the 
tab to center of die internal device 


inductances. 


Measured from the oD. 
drain lead, 6mm 
(0.25in.) from pack- 


age to center of die 
Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Rec | 


internal Source Inductance 


r 
” 


| 
<= 


Junction-to-Case 


Se) : 
“4 ° 5 (o 1@ 


9) 
:¢) 


Case-to-Sink Mounting surface flat, smooth and greased 
Junction-to-Ambient ROJA 


Source Drain Diode Ratings and Characteristics 
Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse é 
(Body Diode) (Note 3) P-N junc. rectifier. 
Ss 


Diode Forward Voltage (Note 2) Vsp Ty = +2509C, Ig = 8.0A, VGs = 100A/ps 
Reverse Recovery Time ter Ty = +259C, IF = 8.0A, dif/dt = 100A/us 
Ty = +25°C, If = 8.0A, di¢/dt = 100A/ps 


S 
: 


S 
2 


~ 
on 


Reverse Recovered Charge pC 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 14mH, 
2. Pulse Test: Pulse width < 300ys, junction temperature. See Transient Thermal Res = 252, IpeaK = 8A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF840, IRF841, IRF842, IRF843 IRF840R, IRF841R, IRF842R, IRF843R 


Performance Curves 


Vos 2 50V 
BOps PULSE TEST L__|} 


Q,° 
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Ip. DRAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 
in| 
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ie EEE EE 


0 50 100 150 200 250 10 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) ere TO- ounce facehee vents 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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aera ae 
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12 
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simp anmact ears 


IRF B4e, 3 
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N-CHANNEL 
POWER MOSFETs 


Ip. ORAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


0 | 6 2 te 15 a 3: 246. 22 By. when 2 ey st) 


Vog. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 


ee 


1. DUTY FACTOR, D=t,/to 
2. PEAK T =Pom xX Ztnuc + Te 


THERMAL RESPONSE (24 yc) 


4079 to4 1073 407¢ O.4 "4 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) | 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF840, IRF841, IRF842, IRF843 IRF&40R, IRF8417R, IRF842R, IRF843R 


Performance Curves (Continued) 


TRANSCONDUCTANCE (SIEMENS) 


O¢fs- 
Iba. REVERSE DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE Panay 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 


TEMPERATURE 
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ll A rns oe wll SEE FIGURE 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
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IRF840, IRF841, IRF842, IRF843 IRF840R, IRF8417R, IRF842R, IRF&843R 


Performance Curves (Continued) 


IRF842, IRF843 
IRF842R, IRF843R 
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DRAIN-TO-SOURCE ON RESISTANCE 


DRAIN CURRENT (AMPERES) 


s . TELEELELEELN 
ae eae 
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Ip. DRAIN CURRENT (AMPERES) Te. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 
Vos 


VARY tp TO OBTAIN VARY tp TO OBTAIN 


REQUIRED PEAK | REQUIRED PEAK | + w 
: : Yoo | | ti 
+ a es 
Vgs= 10V DUT =o 
tp Vas= 10V |-<—_—_> c= 
tp oe 
q 
I ’ ; ww 
L zs 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 
FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
—— TYPE 
12V |0.2 AS DUT 
Rp BATTERY |}4F 
—__ 
Vps 
DUT 
Rg + 
Vag = 10V ~ “DD 
PULSE WIDTH < 11S | = | | 5m 
DUTY FACTOR < 0.1% . -Vps 
IG CURRENT — Ip CURRENT 
= SAMPLING RESISTOR ~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRFAC40R 
IRFAC42R 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features _| Package 
¢ 6.2A and 5.4A,.600V 


TO-204AA 


BOTTOM VIEW 


* fDS(on) = 1-29 and 1.60 
e Repetitive Avalanche Ratings : SOURCE 
¢ Simple Drive Requirements 


¢ Ease of Paralleling 


Description GATE 


The IRFAC4OR and IRFAC42R are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon- 
gate power field-effect transistors designed for applications 


Terminal Diagram 


DRAIN 
(FLANGE) 


such as switching regulators, switching converters, motor _ N-CHANNEL ENHANCEMENT MODE 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive D 
power. These types can be operated directly from integrated 
circuits. 
The IRFAC types are supplied in the JEDEC TO-204AA steel 
package. _ | G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFAC40R IRFAC42R UNITS 
Continuous Drain Current 
TO EH 200G. er wceotaics a etalieiacnet de tieewe ee aedwen seems Ip 6.2 5.4 A 
TOS FIOOCS soc teste cutia soaks se ree boon ndetawianeegus Ip 3.9 3.4 A 
Pulsed Drain Current (1) 6.6 canis caees ee aeeeeieve ieee taeda IDM 25 22 A 
Gate~Source Voltage .......ccsccccecsccccesccccerscecrecs Vas +20 +20 V 
Maximum Power Dissipation 
ht 20 CG tetris sadn sy et Mecano iees Se caceerwenee Pp 125 125° WwW 
Linear Derating: FACtOr ia'scicaleca cs aiarns Sone bs ce Soe aedaasesns 1.0 1.0 W/9C 
Single Pulse Avalanche Energy Rating (2) (see Figure 14)....... Eas 570 570 mJ 
Operating and Storage Junction ..........c cece cee eeeees Ty, TSTG ~55 to +150 ~55 to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............0c0 eevee TL 300 300 6 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature 
(see Figure 5). 
2. Vop = SOV, Starting Ty = +25°C, L = 16mH, Rg = 25N, Peak I, = 6.8A. 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 21 56 1 
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Specifications IRFAC40R, IRFAC42R 


Electrical Characteristics @ T; = 25°C (Unless Otherwise Specified) 


Parameter ; Test Conditions 


IRFAC40R : 7 
IRFAC42R Ves = OV, Ip = 250A 
IRFAC40R E 7 : 
IRFAC42R Ves = 10V, In = 3.4A 


Ibtion «= On-State Drain Current ©. IRFAC40R|_ 6.2 Vps > Ipion) X Roston) Max. 
IRFAC42R| 5.4 Ves = 10V 
Vestn Gate Threshold Voltage ‘ Vos = Ves, Ip = 250uA 


Cts Forward Transconductance @ ; Vos => 50V, Ibs = 3.4A 


lnss Zero Gate Voltage Vos = Max. Rating, Ves = OV 
Drain Current ps = 0.8 x Max. Rating, Ves = OV, Ty = 125° 


Ves = 20V 


Qg Total Gate Charge Ves = 10V, Ip = 6.2A 


-to- Vos =.0.8 x.Max. Ratin 
Qgs  Gate-to-Source Charge Sos Fig. 16 g 


Qoga Gate-to-Drain (“Miller’) Charge (independent of operating temperature) 


Lp Internal Drain Inductance 


Vop = 300V, Ip = 6.2A, Re = 9.12 

Rp = 470 

See Fig. 15 

(Independent of operating temperature) 
Measured from the Modified MOSFET 
drain lead, 6mm (0.25] symbol showing the 


in.) from package to | internal inductances. 
center of die. 


Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 


= 
as 
Eat 
eam Ves = OV, Vos = 25V 
ae 
eee 
a 
oe 
eee 
eek 
Peel 
| 200 


Ls Internal Source Inductance 


N-CHANNEL 
POWER MOSFETs 


iss 
Coss Output Capacitance f = 1.0MHz 
Css | Reverse Transfer Capacitance See Fig. 10 


Rtnic JuNnction-to-Case 


Rincs Case-to-Sink 


Rthua Junction-to-Ambient ALL 


Mounting surface flat, smooth, and greased 
Typical-socket mount 


Source-Drain Diode Ratings and Characteristics 
| Continuous Source Current ALL 
(Body Diode) 
Is Pulse Source Current ALL 
(Body Diode) © 
| 


Ss 

M 

SD Diode Forward Voltage @ 
trr 

RR 


Test Conditions 
Modified MOSFET symbol showing 


the integral Reverse p-n : 
junction rectifer. ‘ 
5 


Ty = 25°C, Is = 6.2A, Ves = OV 


V : 

r Reverse Recovery Time Ty = 25°C, lr = 6.2A, di/dt = 100A/us 

Q Reverse Recovery Charge ALL ; 
t Forward Turn-on Time 


@ Repetitive Rating: Pulse width limited @ @ Vpp = 5OV"V, Starting Ty = 25°C, @ Pulse width <= 300us; Duty Cycle = 2% 
by maximum junction temperature (see L = 16MH, Re =25N, 
figure 5). Peak IL = 6.8A 
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IRFAC40R, IRFAC42R 


Ip. ORAIN CURRENT (AMPERES) 


0 60 ' 120 180 240 300 


Vos. DRAIN-TO-SOQURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical Output Characteristics 
B0vs PULSE TEST 
Pa | 
oe Ae eee ee 


iz 
f+ 


Ip. ORAIN CURRENT (AMPERES) 


Vos: ati: -10= shinee Galstad rane 


Fig. 3 - Typical Saturation Characteristics 
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Veg GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical Transfer Characteristics 


102 g 
| | | OPERATION IN THIS AREA LIMITED | 


a ee 

he Se wid 

a BY Rps(ON) 5 ee ee 
1 ae a (Ea cea 
8 | IRFACAOR | ainevaes aivcn 100 ys]. 
,LIRFAGA2A| | LAN | Px tt? ft 


PrP TINE NILE 
VAT TIN ISCO 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 - Maximum Safe Operating Area 


ety 
<——t2 


. DUTY FACTOR, D=ty/t> 
2. PEAK Ty=Pom X ZtnJC + Tec 


407¢ 0.4 4 10 


t,. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFAC4OR, IRFAC42R 
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ieee ee ee 
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TRANSCONDUCTANCE (SIEMENS) 


Ipaq. REVERSE DRAIN CURRENT (AMPERES) 


in 
we 
o 
1 
00 0.3 0.6 0.9 ice 1.5 
Ip. ORAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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BVpcc. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


0.85 = QO. 
KS) 
Ww) 
QO 
og 
pals © 260-40 -20 0 20 40 60 80 100 120 140 160 
-60 -40 -20 0 20 40 60 80 100 120 140 160 Oc) 
7: TION TEMPERATURE ( °C 
Ty. JUNCTION TEMPERATURE ( °C) a . 
Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 


CIIVIN) TOV Tas 
= Coc + Coa: Cys SHORTED 
2400 


Cog / (Cys + Cog 


= Cys + Cgs 


(pF) 


CAPACITANCE 
nm 
oO 
(=) 
. i 


Vag. GATE-TO-SOURCE VOLTAGE (VOLTS) 


tT tL Aw 
| WY, 
' LP ee sem aon oe 
600 7 ee ae 
Cc eae FOR TEST CIRCUIT 
| eesti me rai 
1 2 5 10. 2 5 102 0 12 24 36 48 60 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qo. TOTAL GATE CHARGE (nC) 

Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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POWER MOSFETs 


IRFAC4OR, IRFAC42R 
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Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
750 


VARY 'p TO OBTAIN 
REQUIRED PEAK 1 


'p 


Eas. SINGLE PULSE AVALANCHE ENERGY (mJ) 


BNGnE 
COCO SS 


25 50 75 100 125 150 
STARTING Ty, JUNCTION TEMPERATURE ( °C) 


. Fig. 14c - Maximum Avalanche Energy Vs. Starting 
Fig. 14b - Unclamped Inductive Waveforms Junction Temperature 


Vgs = 10V | | | 


}tgonyh ot " 
PULSE WIDTH < 1s a Se 
DUTY FACTOR <0 1% la(ott) 
Fig. 15a - Switching Time Test Circuit Fig. 15b - Switching Time Waveforms 
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IRFAC40R, IRFAC42R 


CURRENT 


G = 
CURRENT CURRENT 
SAMPLING SAMPLING 
BARE RESISTOR 
Fig. 16a - Basic Gate Charge Waveform Fib. 16b - Gate Charge Test Circuit 


N-CHANNEL 
POWER MOSFETs 
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|) HARRIS IRFBC40OR 
IRFBC42R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated 
Features Package | 
TO-220AB 
¢ 6.2A and 5.4A, 600V TOP VIEW 
* (DS(on) = 1-20 and 1.622 
¢ Repetitive Avalanche Ratings DRAIN — SOURCE 
¢ Simple Drive Requirements (FLANGE) => DRAIN 
e Ease of Paralleling . lig — sie 


Description 


The IRFBC40R and IRFBC42R are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor N-CHANNEL ENHANCEMENT MODE 
drivers, relay drivers, and drivers for high-power bipolar 

switching transistors requiring high speed and low gate-drive D 

power. These types can be operated directly from integrated 

circuits. 


The IRFAC types are supplied in the JEDEC TO-220AB steel 
package. G 


Terminal Diagram 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFBC40R IRFBC42R UNITS 

Continuous Drain Current 

TOR 4209 eset ecsmew rad mio acne on eaeonaeaeeas Ip 6.2 5.4 A 

TOS F1OOCG fo vada Gracin initia are aes ath aAGuuaa ee ea keke lp 3.9 3.4 A 
Pulsed Drain: Current ()) «ses sats ores wie aterogta ediave waxing waters IDM 25 22 A 
Gate-Source Voltage ......cccecsccnrccneenescnvosssaveses Ves +20 +20 V 
Maximum Power Dissipation 

TOS Fe5 CC icp ravens ecicew ines diate oe eo eheweo ses uu aneets Pp 125 125 W 
Linear Derating Factor... ... cc cece cee cece ence eeeceeeaereaes 1.0 1.0 W/9C 
Single Pulse Avalanche Energy Rating (2) (see Figure 14)....... Eas 570 570 mJ 
Operating and Storage Junction ........0 cc cee cece eeeee Ty, TSTG -55 to +150 -55 to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering .........0cceecevcees TL 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature 
(see Figure 5). 


2. Vpp = 50V, Starting Ty = +25°C, L = 16mH, Rg = 25M, Peak |, = 6.8A. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications IRFBC40R, IRFBC42R 


Electrical Characteristics @ T, = 25°C (Unless Otherwise Specified) 


Tye | Min | Typ. 
BVoss Drain-to-Source Breakdown = _ 
Voltage eeseee} eo | — | Ves = OV, Ip = 250A 
Roston Static Drain-to-Source IRFBC40R _ _ 
On-State Resistance @ IRFBC42R as = 10V, In = 3.4A 


Ipbion += On-State Drain Current @ 


Vesim Gate Threshold Voltage 
Ots Forward Transconductance @® 


Inss Zero Gate Voltage 
Drain Current . 


i 

>|> 

FIFIQIS 
rm [© 
a |v 


) | Vos = 100V, lps = 3.4A 


nN nog ae 


> 
> 
r 

S 

jo) 


Tonite | 
0 | V_|Wes=Ves.to=2600A SSCS 


500 
Ves = -20V 

ALL 760 | nC} Ves=10V,1p= 8A 

Tne | Yo 20.7 x Max. Rating 

Qga _Gate-to-Drain (“Miller”) Charge LL | — | nc | (Independent of operating temperature) 
tation Turn-On Delay Time __ | 20 | ns | 


tr Rise Time 


ee Coe | ee | oe — 

ee ee ae Lo a 
ne 
~] 


tao  Turn-Off Delay Time | 83 | ns | See Fig. 15 
ty Fall Time 
Lo Internal Drain Inductance ALL nH 
in.) from package to I ra 
center of die. a7, 
Ls Internal Source Inductance ALL 7.5 ge Measured from the = = 
| source lead, 6mm = ec 
(0.25 in.) from a = 
package to source oO 
bonding pad. = 
[Ces Input Capacitance =| ~ALL | ~— | 1800 | — | pF _| Vos=OV, Vos = 25 
[Cos Output Capacitance ——~«|_ALL_| — | 160 | — | pF | f=10MHz 
[Cas Reverse Transfer Capacitance | ALL_| — | 45 | — | pF_ 
FRc Junetion-to-Case «| ~ALL_ «| — | — | 10 [°CW 
Rincs Case-to-Sink ALL | — | | — | °C/W | Mounting surface flat, smooth, and greased 
Rinsa = Junction-to-Ambient _, hess) | 80 Typical-socket mount 
Source-Drain Diode Ratings and Characteristics 
Type_| Min. | Typ. | Max. | Units | Test Conditions 
(Body Diode) | the integral Reverse p-n e 
junction rectifier. G 
owen | ae | ~ | - fo fa : 
[Vso __DiodeForwardvoltage@ | ALL S| — | — | 15 | v [Tt 
ft. Reverse Recovery Time __—+(|- ALL | 200 | 450 | 940 | ns | T)=25°C,le=6.2A, diidt= 100AIs 
| Qan___Reverse RecoveryCharge | ALL OL (1.8 | 38 | 80 | uC | 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

@ Repetitive Rating: Pulse width limited @ @ Vpn = 5OV, Starting Ty = 25°C, @ Pulse width <= 300us; Duty Cycle = 2% 
by maximum junction temperature (see L = 16MH, Re =25Q, 
figure 5). Peak I. = 6.8A 
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Ip. ORAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) 


0 3 6 9 12 15 


IRFBC40R, IRFBC42R 


Ip. ORAIN CURRENT (AMPERES) 


6 
Vgg GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical Transfer Characteristics 


/ 
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Vg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFBC4O0R, IRFBC42R 
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Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 
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CAPACITANCE 
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Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 16 
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= VULTAGE {(VJULTS} Qg. TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFBC4O0R, IRFBC42R 
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Vos 


I, PEAK = 6.24 


VARY 'y TO OBTAIN Vop = 50V 


REQUIRED PEAK I 


'p 


‘Egg. SINGLE PULSE AVALANCHE ENERGY (mJ) 


a J 


125 150 


. STARTING T). JUNCTION TEMPERATURE ( 9c) 


Fig. 14b - Unclamped Inductive Waveforms Fig. 14c - Maximum Avalanche Energy Vs. Starting 
Junction Temperature 
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PULSE WIDTH «< 1 ys 
DUTY FACTOR 301% 


ta(ott 


Fig. 15a - Switching Time Test Circuit Fig. 15b - Switching Time Waveforms 
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IRFBC40R, IRFBC42R 
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Fig. 16a - Basic Gate Charge Waveform 
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Fig. 16b - Gate Charge Test Circuit 
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FARRIS 


uD 


IRFD110/111/112/113 


IRFD110R/111R/112R/113R 


August 1991 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

¢ 1A and 0.8A, 80V - 100V 

* DS(on) = 0-62 and 0.8 

e Single Pulse Avalanche Energy Rated* 
© SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e¢ Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFD110, IRFD111, IRFD112, and IRFD113 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD110R, IRFD111R, IRFD112R, and IRFD113R 
types are advanced power MOSFETs designed, tested, and 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFD110 IRFD111 IRFD112 IRFD113 
IRFD110R IRFD111R IRFD112R IRFD113R UNITS 

Drain-Source Voltage (1) ....... cece ete c cece eee en ence Vos 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20kKQ) (1)...... 2. eee ees VDGR 100 — 80 100 80 V 
Continuous Drain Current 

TOS 28 C a oe cress andaeaa tue yiencawneneaeles Ip 1.0 1.0 0.8 0.8 A 
Pulsed Drain Current. ..... 0 ccc ccc cc scence ccccceceeens IDM 8.0 8.0 6.4 6.4 A 
Gate-Source Voltage .......ccccescccccceceuccscnvee Ves +20 +20 +20 +20 Vv 
Maximum Power Dissipation 

To = +259C (See Figure 13) 2... .. cece cece eee ees Pp 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ...........ccceeeeee 0.008 0.008 0.008 0.008 W/9C 
Inductive Current, Clamped .......... cece cence cece cees ILM 8.0 8.0 6.4 6.4 A 

(See Figure 14, L = 100u1H) 
Single Pulse Avalanche Energy Rating (3).............. Eas* 19 19 19 19 mJ 
Operating and Storage Junction .............. 000. Ty TsTG  -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


* R Suffix Types Only 


3. Vop = 25V, Starting Ty = +25°C, L = 28.5mH, Res = 252, 


IPEAK = 1.0A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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IRFD110, IRFD111, IRFD112, IRFD113 IRFD110R, IRFD117R, IRFD112R, IRFD1713R 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Han a wns 


Drain-Source Breakdown Voltage BVpss__ | Va@s= OV, Ip = 250nA 
IRFD110/112, IRFD110R/112R 100 V 
IRFD 114/119, IRFDIT1R/T1SR a GS a al 
Gate Threshold Voltage VGS(TH) | VoS=VGs; Ip = 250pA | 20 {| - | 40 | v | 


[Gate-Source Leakage Forward | lass |Vas=20v_ SCS ~~ | = | 800 | 


Gate-Source Leakage Reverse less |VGs=-20V | = | =  |[ -500 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vag = OV 


Ul 
Vps = Max Rating x 0.8, Vas = OV, 1000 HA 
Ty =+1259C 


VDS > ID(ON) X DS(ON) Max, Vgg = 10V 


On-State Drain Current (Note 2) 
IRFD110/111, IRFD110R/111R 
IRFD112/113, IRFD112R/113R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD110/111, IRFD110R/111R 


IRFD112/113, IRFD112R/113R 


ID(ON) 
1.0 A 


A 


TDS(ON) | VGS = 10V, Ip = 0.8A 


Vas = OV", Vps = 25V, f = 1.0MHz 
See Figure 10 


Reverse Transfer Capacitance 
Turn-On Delay Time tdiON 


VppD ~0.5BVpss; Ip = 1.0A, RG = 9.12 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


Total Gate Charge VGS = 10V, Ip = 1.0A, Vps = 0.8 Max 


N-CHANNEL 
POWER MOSFETs 


(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 


operating temperature.) 


Gate-Drain (‘Miller’) Charge 
internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 

die. 
Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


Internal Source Inductance 


RaJA Free air operation 


Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 


Vsp 
r 


| Vsp__ | Ty=+25°C, Ig = 1.0A, Vgg = OV 
Reverse Recovery Time Ty = +1509C, IF =1.0A,dlp/dt=100A/us | 


Reverse Recovered Charge Ty = +15096, Ir = 1.0A, dig/dt = 100A/ps 


t 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 
1. Ty = +25°C to +150°C 3. Vpp = 25V, starting Ty = +25°C, L = 28.5mH, Regs = 25D, Ipeak = 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 1.0A. (See Figure 15.) 
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IRFD110, IRFD117, IRFD1 12, /RFD113 IRFD1170R, IRFD111R, IRFD112R, IRFD113R 


5.0 


80 us PULSE TEST 
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Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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[RFD110, IRFD111, IRFD112, IRFD113 IRFD110R, IRFD111R, IRFD112R, IRFD113R 


2.50 


DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ros(on), ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
i 
on 


BV oss 


; 0 
-60 100 120 ©6140 -60 40 -2 100 120 140 
“a JUNCTION TEMPERATURE ee f sian cate - 


Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 
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FOR TEST CIRCUIT . 
SEE FIGURE 17 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD110, IRFD1117, IRFD112, IRFD113 IRFD110R, IRFD111R, IRFD112R, IRFD113R 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


REQUIRED PEAK I, 


Res 


Vgs= 10V DUT 
tp 


I 
E,= 0.5BVpsg Ec= 0.75BVpss =e 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
+ TYPE 
12V |0.2 AS DUT 
BATTERY BF 


Vgg= 10V 


PULSE WIDTH < 128 


DUTY FACTOR < 0.1% -Vbs 
Ig CURRENT —L- Ip CURRENT 
SAMPLING RESISTOR ™— SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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it HARRIS 


IRFD120/121/122/123 


IRFD120R/121R/122R/123R 


August 1991 


Features 

e 1.3A and 1.1A, 80V - 100V 

* DS(on) = 9.302 and 0.402 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

¢ Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFD120, IRFD121, IRFD122, and IRFD123 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD120R, IRFD121R, IRFD122R, and IRFD123R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRFD120 IRFD121 IRFD122 IRFD123 
IRFD120R IRFD121R JRFD122R~ IRFD123R UNITS 
Drain-Source Voltage (1) 2... ... cc cece ec eee acne eeees Vos 100 80 100 80 V 
Drain-Gate Voltage (RG@s = 20K) (1).... 2... eee eae VDGR 100 80 100 80 V 
Continuous Drain Current 
UG F250 cae twns nae jidaketaeewnedenesteeeees Ip 1.3 1.3 1.1 1.1 A 
Pulsed: Drain Current sc secs cues haw wiew ceadiees se eaeaes IDM 5.2 5.2 4.4 4.4 A 
Gate-Source Voltage .......ccc cece cece cccccnscceens Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 
To = +259C (See Figure 13) ....... ce eee cece eee ee eee Po 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ............. 0c eeees 0.008 0.008 0.008 0.008 W/°G 
Inductive Current, Clamped ......... cc cee eee e eee ee ILM 5.2 5.2 4.4 4.4 A 
(See Figure 14, L = 100nH) 
Single Pulse Avalanche Energy Rating (3).............. Eas” 36 36 36 36 —C; mJ 
Operating and Storage Junction ....... Petia epiies Ty TSTG ~55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range | 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 


* R Suffix Types Only 
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3. Vop = 285V, starting Ty = +25°C, L = 32mH, Res = 250, 


IPEAK = 1.3A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 931 5.1 
Copyright © Harris Corporation 1991 


IRFD120, IRFD1217, [RFD122, IRFD123 IRFD120R, IRFD1217R, IRFD122R, IRFD123R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250pA 


IRFD1 20/122, IRFD120R/122R V 
IRFD121/123, IRFDI21R/123R rao [| - | - |v i 
Gate Threshold Voltage VesctH) | VpS = Vas; Ip = 250nA | 20 | - | 40 | vi | 
Gate-Source LeakageFoward | _I¢ss_[Vas=20V ee 
Gate-Source Leakage Reverse Iass_ |VGg=-20V | = | = | -500 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | = | = | 250 
Vps = Max Rating x 0.8, Vas = OV, . 1000 LA 
To = +1259C 
On-State Drain Current (Note 2) Vps > ID(ON) X DS(ON) Max, Vgg = 10V 
IRFD1 20/121, IRFD120R/121R 1.3 A 
IRFD1 22/123, IRFD122R/123R ie ee ee eee 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 0.6A 
Resistance (Note 2) 
IRFD120/121, IRFD120R/121R 0.30 n 
IRFD 120/126, IRFD122R/123R [=| 030 [040 | 9 
Forward Transconductance (Note 2) | gfs__| VpS > ID(ON) X DS(ON) Max: !p = 0.6A | o9 [| 10 | - | SY) 
Input Capacitance Ciss_ | Vas =OV, Vps = 25V, f = 1.0MHz | = | 450 | - | pF | 
Output Capacitance Coss _| Se Figures [=| 200 | - | pF | 
Reverse Transfer Capacitance Crss | | - {| 50 | - | pF I 
Turn-On Delay Time | ta7ON) | Vpp ~0.5BVpss,lp=1.3A,RG=9.12 | - | 20 | 40 | ns | 
Rise Tim See Figure 16. (MOSFET switching times 70 
Turn-Off Delay Time td(OFF)_| temperature) | > | 50 | 100 [{ ns 
Fall Time Pie [=f 35_| 70 | ns _ 
Total Gate Charge VGS = 10V, Ip = 1.3A, Vps = 0.8 Max 11 Cc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate- har (Gate charge is essentially independent of 
er ah ate | - | 60 | - | x 
Gate-Drain (“Miller”) Charge | = | 50 | - [on 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 

die. 
Measured from the 
source lead, 2.0mm 
(0.08) from 
package to source 
bonding pad. 


nH 


[Junction-to-Ambient’ | Raya |Freeairoperation——SY SY +d (8 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Is Modified MOSFET D 
symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S) 


=| | 
Q 


internal Source Inductance 


Internal Drain Inductance 


- | Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +1500C, IF = 1.3A, dig/dt = 100A/us 
Ty = +1509C, Ip = 1.3A, dig/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +'Lp. 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Is = 1.3A, Vas = OV 


NOTES: 
1. Ty = +25°C to +150°C | 3. Vpp = 25V, starting Ty = +25°C, L = 32mH, Rgs = 250, IpeaK = 1.3A. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% (See Figure 15.) 
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IRFD120, IRFD1217, IRFD1 22, IRFD123 IRFD120R, IRFD127R, IRFD122R, IRFD123R 


Ip, DRAIN CURRENT (AMPERES) 


gts. TRANSCONOUCTANCE (SIEMENS) 


Fig. 


Ip, DRAIN CURRENT (AMPERES) 


0 10 20 30 40 50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 
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Fig. 3 — Typical Saturation Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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Fig. 6 — Typical Source-Drain Diode Forward Voltage 


N-CHANNEL 
POWER MOSFETs 


IRFD120, IRFD1217, IRFD 122, IRFD123 IRFD120R, IRFD127R, IRFD122R, IRFD123R 


BVpss, DRAIN.TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 


C, CAPACITANCE (pF) 
Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


Aj Petes | | ff 
ee eee 
.. 


SEE FIGURE 17 
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Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 


Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


IRFD120, 121 
IRFD120R, 120R 


IRFD122, 123 
IRFO122R, 123R _ 
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COTTE 
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Ip, ORAIN CURRENT (AMPERES) 
i) 
w 


0.3 


Ros(on): DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


— 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta. AMBIENT TEMPERATURE (°C) 
Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD120, IRFD121, IRFD122, IRFD123 IRFD120R, IRFD121R, IRFD122R, IRFD123R 


Pp. POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


REQUIRED PEAK 1, 


Vas= 10V i, Po Vgg= 10V 


I 


Res 


N-CHANNEL 
POWER MOSFETs 


E,= 0.5 BVpss Eo= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 
(ISOLATED 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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Features 

e 0.4A and 0.5A, 60V - 100V 

* rDS(on) = 2-42 and 3.20 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The IRFD1Z0, IRFD1Z1, IRFD1Z2, and IRFD1Z3 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula- 
tors, switching converters, motor drivers, relay drivers, and 


Copyright © Harris Corporation 1991 
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IRFD1ZO0, IRFD1Z1 
IRFD1Z2, IRFD1Z3 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


drivers for high-power bipolar switching transistors requiring D 
high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 
The IRFD types are supplied in the 4-pin DIP package. 
. G 
S 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFD1ZO IRFD121 IRFD1Z2 IRFD1Z3 UNITS 

Drain-Source Voltage (1) ...... ce ccc ccc c cece ceveceeee Vos 100 60 100 60 V 
Drain-Gate Voltage (RGsS = 20k) (1). 0... cece e ee eee VDGR 100 60 100 60 V 
Continuous Drain Current 

NGS FOO ssa teieeapea neds seared deean en aiawes Ip 0.5 0.5 0.4 0.4 A 
Pulsed Drain: Current: csiss eine eseseiiendevetua aaealees IDM 4.0 4.0 3.2 3.2 A 
Gate-Source Voltage .......cccccneccrcccccccenccees Vas +20 +20 +20 +20 Vv 
Maximum Power Dissipation 

To = +259C (See Figure 13) ........eccccenvcvceuenes Pp 1.0 1.0 1.0 1.0 WwW 
Linear Derating Factor (See Figure 13) ....... ccc ccc cece eee 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped ......... cece eee eee ee eens ILM 4.0 4.0 3.2 3.2 A 

(See Figures 14 and 15, L 100y1H) 
Operating and Storage Junction ...............04- Ty, TSTG —“55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............08- Th 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2 31 3 


Specifications IRFD1Z0, IRFD1Z1, IRFD12Z2, IRFD1Z3 


Electrical Characteristics @T¢ = 25°C (Unless Otherwise Specified) 
[Parameter «ds Type | Min. [Typ [ Max. | Units | ____‘TestConditions 


BVpss__ Drain - Source Breakdown Voltage IRFD1Zo,2| 100 | — | V6s = OV 
iroizs,a| 60 | — | — | V_]_ tp = 250ua 


Eons 
oe 
| Vasith) Gate Threshold Voltage | ALL S| 2.0 | - | 4.0 | Vv | Vos=Vasiip = 250A 
| = | 500 _| 


lGss Gate - Source Leakage Forward | ALL 


a 
Tigss Gate - Source Leakage Reverse | Att] - | — [-s00[ nA | Vgg=-20V SSS 
fad 
Pa 


loss —-—: Zero Gate Voltage Drain Current 
Vps = Max. Rating x 0.8, Vgg = OV, Tc = 125°C 


Mi 
ALL 
ALL 
ALL 
ID(on) + On-State Drain Current @ RFD1z0,1| 0.5 | — | — | A : | ; tones 
r= [A | OS? !Dion) x ROS(on) max..VG@s = 10V 
ineoveas| - [a2 [ea | 0 


inrow.a| ~ | 2e|s2| 0 

[afg_Forward Transconductance@® | AL | 0.25 [0.35] — | S(O | Vos) oton)*AbSionymaxio = 025A 

Giza. eta capactone® = SIL IAUL I, EOS ae OP gaan gy vec eoey tea ome” 
Coss Output Capacitance | ALL | — | 20 | See Fig. 9 

Crsg Reverse Transfer Capacitance | ALL | — | 5.0 | 

tajon) Ture-On Delay Time _——~SC*d?CAMLY— | '10*| 20 | ns 

ri RiseTime———SSSCSCSC~—~CASCYC «da | | 

ajory Turn-Off Delay Time ———S~wCSSY Sit | 2 |_| 

ry Falitime————SSSSC~C~“~S*~*dC AMS CC 20 |_| 


Q Total Gate Charge 
a a 


Qgq. — Gate-Drain (’’Miller’’) Charge 


Rpsj(on) Static Drain-Source On-State 
Resistance @) 


Vpp = 0.5 BVpss. |p = 0.25A, Zp = 502 
See Fig. 16 


(MOSFET switching times are essentially 
independent of operating temperature.) 


Ves = 10V, Ip = 1.2A, Vpg = 0.8 Max. Rating. 
See Fig. 17 for test circuit. (Gate charge is essentially’ 
independent of operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measure from the 
drain lead, 2.0mm 
(0.08 in.) from 
package to center of 
die. 


Lp Internal Drain Inductance 


Ls Internal Source Inductance Measured from the 
source lead, 2.0mm 
(0.08 in.) from 
package to source 


bonding pad. 


Thermal Resistance 
[Rthja Junction-to-Ambient | ALL OY =| = | 120 | ecw | Free Air Operation 


Source-Drain Diode Ratings and Characteristics 


(Body Diode) 
(Body Diode) 
paral — | — | a2[ a_| 
Vsp _ Diode Forward Voltage @ inFD1zo,1} — | — | 1.4 | V_— | Ta = 25°C, Ig = 0.5A, Vag = OV 
jinroiz2,3] — | — | 1.3 | Vv | Ta = 25°C, Ig = 0.44, Vgg = OV 
ter Reverse Recovery Time | ALL | — |[{100{ — | ns | Ty = 150°C, Ip = 0.5A, di¢/dt = 100A/us 
Qrr Reverse Recovered Charge | aul | - [o2]{ — | ec | Ty = 150°C, ip = 0.5A, dig¢/dt = 100A/ps 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


OTy = 25°C to 150°C. @Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


Modified MOSFET symbol 
showing the integral D 
reverse P-N junction rectifier. 
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N-CHANNEL 
POWER MOSFETs 


IRFD1ZO0, IRFD12Z1, IRFD1Z2, IRFD1Z3 


Ip, DRAIN CURRENT (AMPERES) 


0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics . 
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Fig. 3 — Typical Saturation Characteristics 
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Fig. 5 — Typical Transconductance Vs. Drain Current 
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Fig. 2 — Typical Transfer Characteristics 
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Fig. 6 — Typical Source-Drain Diode Forward Voltage 


IRFD120, IRFD121, IRFD1Z2, IRFD12Z3 


1.25 
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Pp, POWER DISSIPATION (WATTS) 


IRFD1Z0, IRFD1Z1, IRFD12Z2, IRFD1Z3 
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i HARRIS IRFD210/211/212/213 
IRFD210R/211R/212R/213R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 


© 0.6A and 0.45A, 150V - 200V 4-PIN DIP 


TOP VIEW 
* 1pS(on) = 1.52 and 2.420 


e Single Pulse Avalanche Energy Rated* SOURCE 
¢ SOA is Power-Dissipation Limited ; DRAIN 

e Nanosecond Switching Speeds GATE 

e Linear Transfer Characteristics 


e High Input Impedance 
Description 


The IRFD210, IRFD211, IRFD212, and IRFD213 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFD210R, IRFD211R, IRFD212R, and IRFD213R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, | 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


N-CHANNEL 
POWER MOSFETs 


The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 7 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFD210 IRFD211 IRFD212 IRFD213 
IRFD210R IRFD211R IRFD212R IRFD213R UNITS 

Drain-Source Voltage (1) 20... ccc ec eee cee e ees Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20K) (1). 6... ce eee ee ee VDGR 200 150 200 150 V 
Continuous Drain Current 

UGS P250C sis sede ae cnmeneaiee aoe tinea oy aout Ip 0.6 0.6 0.45 0.45 A 
Pulsed Drain Cument vssiio donne chet ms Peniew es weisers lDM 2.5 2.5 1.8 1.8 A 
Gate=Source Voltage: svcccseiecaavsadehateesauan tad Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +259C (See Figure 13) ..........ccsecescecenees Pp 1.0 1.0 1.0 1.0 WwW 
Linear Derating Factor (See Figure 13) ....... cece ee ee ee 0.008 0.008 0.008 0.008 W/9C 
Inductive Current, Clamped ....... 0. cece cece eee eens ILM 2.5 2.5 1.8 1.8 A 

(See Figure 14, L = 100,1H) 
Single Pulse Avalanche Energy Rating (3).............. Eas* 30 30 30 30 mJ 
Operating and Storage Junction ................5. Ty, TSTG ~-55to+150 -55to+150 -5S5to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering.............:. TL 300 300 300 300 Te; 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 3. Vpp = 20V, starting Ty = +259C, L = 112.7mH, Rgs = 502, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAIG= 22h. See Figuien1®. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper J.C. handling procedures should be followed. File Number 931 6 4 | 
Copyright © Harris Corporation 1991 . 
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IRFD210, IRFD2171, IRFD212, IRFD213 I[RFD210R, IRFD21717R, IRFD212R, IRFD213R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


. LIMITS | 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss _|Vas= OV, Ip = 250yA 
IRFD210/212, IRFD210R/212R V 
IRFD211/213, IRFD211R/213R ae ae ee ee 
Gate Threshold Voltage Vas(TH) | VoS = Vas; Ip = 250nA | 20 | - | 40 [ vi | 
Gate-Source LeakageForward | lass |Ves=20V es a 
Gate-Source LeakageReverse | _Igss_|Vas=~-20V a a 
Zero Gate Voltage Drain Current Vps = Max Rating, Vag = OV | - {| - | 250 | pA | 
Vps = Max Rating x 0.8, Vgg = OV, 1000 pA 
To =+1259C 
On-State Drain Current (Note 2) Vps > ID(ON) X DS(ON) Max, Vag = 10V 
IRFD210/211, IRFD210R/211R A 
es ee ee ee 
Static Drain-Source On-State Ves = 10V, Ip = 0.3A 
Resistance (Note 2) 
IRFD210/211, IRFD210R/211R 1.5 n 
p= | ts | 24 | a 
Forward Transconductance (Note 2) Vps > IDION) X "DS(ON) Max: !p = 0.3A | O05 | 08 | - | SU) 
Input Capacitance Vas = OV, Vps = 25V, f = 1.0MHz | = | 185 | - | pF | 
Output Capacitance —_|-Goss_| $* Fisues a es 
Reverse Transfer Capacitance | - [| 1 | - | pF Y 
Turn-On Delay Time | ton) |Vpp ~0.5BVpss,Ip=0.6A,RG=9.12 |[ - | 80 | 15 | ns | 
Rise Time t See Figure 16. (MOSFET switching times 15 
Turn-Off Delay Time td(OFF)_| temperature) | - {| 10 [ 15 [| ns | 
Fall Time on el [= [80 [15 [1s | 
Total Gate Charge Vas = 10V, Ip = 0.6A, Vpg = 0.8 Max 7.5 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te-Sou h : (Gate charge is essentially independent of 
Gate-Source Charge Legs Vac tingtemperaaes ae ee ee 
Gate-Drain("Miller’)oharge____ | Qgq_ P= | 30 | - | 7c 


Internal Drain Inductance Modified MOSFET 
symbol showing the 
internal device 


inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 

to center of 

die. 

Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


Tunction-to-Ambient Roun _[Fresaroperaton SCS = dC 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 

(Body Diode) P~N junc. rectifier. G 


internal Source Inductance 


S) 


ISM 
Diode Forward Voltage (Note 2) Ty = +259, Is = 0.6A, Vag = OV 
Reverse Recovery Time Ty = +1509C, Ir = 0.6A, di¢/dt = 100A/ps 
Reverse Recovered Charge | QraR | Ty=+1509C,IF=0.6A,di¢/dt=100A/us | - | 20 | - | uc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled byLs + Lp. 


NOTES: 
1. Ty = +25°C to +150°C 3. Vpp = 20V, starting Ty = +25°C, L = 112.7mH, Reg = 50M, 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% IPEAK = 2.2A. (See Figure 15.) 
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IRFD210, IRFD2117, IRFD212, IRFD213 IRFD210R, IRFD271R, IRFD212R, IRFD213R | 
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IRFD210, IRFD271, IRFD212, IRFD213 IRFD210R, IRFD211R, IRFD212R, IRFD213R 


BVoss. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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(NORMALIZED) 
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Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 
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IRFD210, IRFD211, IRFD212, IRFD213_ IRFD210R, IRFD211R, IRFD212R, IRFD213R 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN 
REQUIRED PEAK 1, 


REQUIRED PEAK 1, 


Res 


Vas= 10V P< DUT 


p Ves= 10V 


N-CHANNEL 
POWER MOSFETs 
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Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
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w HARRIS 


August 1991 


 IRFD220/221/222/223 
IRFD220R/221R/222R/223R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

© 0.7A and 0.8A, 150V - 200V 

* DS(on) = 9.82 and 1.20 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFD220, IRFD221, IRFD222, and IRFD223 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD220R, IRFD221R, IRFD222R, and IRFD223R 
types are advanced power MOSFETs designed, tested, and 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


* R Suffix Types Only 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors — G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFD220 IRFD221 IRFD222 IRFD223 
IRFD220R IRFD221R IRFD222R IRFD223R UNITS 
Drain-Source Voltage (1) ...... cece cece cence eee e eens Vps 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kK2) (1). 0... ewww ee eee VDGR 200 150 200 150 V 
Continuous Drain Current — 

TGS FSU cece heat orang aeeaeare ter doaventes Ip 0.8 0.8 0.7 0.7 A 
Pulsed Drain Current.........c.secceceeceeeeeeeneeaes lom 6.4 6.4 5.6 5.6 A 
Gate-Source Voltage ........cccesccescscscersercecs Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +250C (See Figure 13) ....... eee e neces Pp 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ..........ec cee ceees 0.008 0.008 0.008 0.008 W/9C 
Inductive Current, Clamped ......... ccc cece cece eee eee ILM 6.4 6.4 5.6 5.6 OA 

(See Figure 14, = 100yH) . 

Single Pulse Avalanche Energy Rating (3).............. Eas* 85 85 85 85 mJ 

Operating and Storage Junction ........... ec eeee Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 

Maximum Lead Temperature for Soldering ............06. TL 300 300 300 300 °C 


3. Vop = 25V, starting Ty = +25°C, L = 12.62mH, Res = 502, 
IPEAK = 3.5A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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IRFD220, IRFD221, IRFD222, IRFD223 IRFD220R, IRFD221R, IRFD222R, IRFD223R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Pin [ TYP | MAX_| UNITS 
Drain-Source Breakdown Voltage BVpss _|VGs=OV, Ip = 250pA 


IRFD221/223, IRFD221R/223R | 150 | - | - Jv 
[GateThresholdVoltage__———*«|; Vasc) [Vps= Vas, Ip=2500a——=S~iL 20 | ~~ AO | 
nA 
Ves =-20V 


Zero Gate Voltage Drain Current Ipss__|Vps = Max Rating, Vas = OV 
Vps = Max Rating x 0.8, Vgs = OV, 
To = +1259C 


LIMITS 


4 
O 
© 
E 


On-State Drain Current (Note 2) 
IRFD220/221, IRFD220R/221R 
IRFD222/223, IRFD222R/223R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD220/221, IRFD220R/221R 


IRFD222/223, IRFD222R/223R 


Forward Transconduciance (iNote 2) 

Input Capacitance GS = OV, Vos = 25V, f = 1.0MHz 

Output Capacitance ee Figure 9 

Reverse Transfer Capacitance 

Turn-On Delay Time | ta(ON) | Vpp = 0.5BVpgsg, Ip = 0.8A, RG = 9.19. 
eS We ce ee ee 

- are essentially independent of operating 

Turn-Off Delay Time td(OFF)_| temperature) 

Fall Time 

Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 


Gate-Drain (“Miller”) Charge | Qgqd | 


Internal Drain Inductance 
Junction-to-Case Rose _[Freesiroperation ——=—SSSSCidY Cd 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Source Current Ism 

(Body Diode) 

Diode Forward Voltage (Note 2) Ty = +259G, Is = 0.8A, Vag = OV 
Reverse Recovery Time Ty = +1500, Iz = 0.8A, dig/dt = 100A/ps 
Reverse Recovered Charge | QraR | Ty = +15009C, Ir = 0.8A, di¢/dt = 100A/ys 


Forward Turn-on Time tONn Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLg +Lp. 


N 


2 
2 


Vas = 10V, Ip = 0.8A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


N-CHANNEL 
POWER MOSFETs 


=| w on - 
=I oO (o>) oO yy 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 

die. 
Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


internal Source Inductance 


-_ 
Lye) 
oO 

{o) 
©) 
2 


> 
x= 


164) 
Oo 


= 
©) 


NOTES: 
1. Ty = +25°C to +150°C 3. Vpp = 25V, starting Ty = +259C, L = 12.62mH, Res = 502, 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% IPEAK = 3.5A. (See Figure 15.) 
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IRFD220, IRFD22 1, IRFD222, IRFD223 IRFD220R, IRFD221R, IRFD222R, IRFD223R 
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Ty = 150°C f | Ty = 25°C 
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Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD220, IRFD221, IRFD222, IRFD223 IRFD220R, IRFD221R, IRFD222R, IRFD223R 
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N-CHANNEL 
POWER MOSFETs 
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IRFD220, IRFD2217, IRFD222, IRFD223 IRFD220R, IRFD221R, [RFD222R, IRFD223R 


Pp, POWER DISSIPATION (WATTS) 


Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Res 


VppD 
= , D I 
vera Yas" wl ™ 
I 
Ey = 0.5 BVpss Eco= 0.75 BVpss — 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
BATTERY BF 
Ves= HW | 
PULSE WIDTH < 1S [ a | | Sma 
DUTY FACTOR < 0.1% - -Vps 
iq CURRENT —L Ip CURRENT 
SAMPLING RESISTOR “~ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit © Fig. 17 - Gate Charge Test Circuit 
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IRFD2ZO, IRFD2Z1 
IRFD2Z2, IRFD2Z3 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features Package 
4-PIN DIP 
© 0.30A and 0.32A, 150V - 200V TOP VIEW 
bd rDS(on) = 5.02 and 6.52, 
¢ SOA is Power-Dissipation Limited SOURCE 
e Nanosecond Switching Speeds DRAIN 
e Linear Transfer Characteristics GATE 
¢ High Input Impedance 
e Majority Carrier Device 
re aig ei cee 
vwescripudon | 
The !IRFD2Z0, IRFD2Z1, IRFD2Z2, and IRFD223 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula- N-CHANNEL ENHANCEMENT MODE 
tors, switching converters, motor drivers, relay drivers, and 2 
drivers for high-power bipolar switching transistors requiring D ot 
high speed and low gate-drive power. These types can be = 2 
operated directly from integrated circuits. < = 
oc 
The IRFD types are supplied in the 4-pin DIP package. T = 
G 
= 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFD2Z0 IRFD221 IRFD2Z2 IRFD2Z3 UNITS 

Drain-Source Voltage (1) .......cccscccceccccccnnscss Vos 200 150 200 150 V 
Drain-Gate Voltage (RGsS = 20kKN) (1)...... eee eee VDGR 200 150 200 150 Vv 
Continuous Drain Current 

Tco= He DOG wei aense wena y ou nea wts anya eee Ip 0.32 0.32 0.30 0.30 A 
Pulsed Drain Current... 2.0.0... ce cee wee cee cee ceee IDM 1.5 1.5 1.4 1.4 A 
Gate-Source Voltage 2... ... cece cece cere ence eens Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG = 4259S. (SC Figure 13) o:s6 vewsiew verwidwewa ss uae Pp 1.0 1.0 1.0 1.0 WwW 
Linear Derating Factor (See Figure 13) ............... cece 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped (3) ...... 0... cece cence eee ILM 1.5 1.5 1.4 1.4 AD 
Operating and Storage Junction ..............006- Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............00. TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +259C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
3 See Figures 14 and 15. L = 100uH 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number y) 32 9.1 
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Specifications IRFD2Z0, IRFD2Z1, IRFD2Z2, IRFD2Z3 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 
TYPE 


IRFD2Z0 
IRFD2Z2 


Vps = Ves, Ib = 250 HA 


Gate-Source Leakage Reverse less 
Zero-Gate Voltage Drain Current —lpss 


On-State Drain Current @ lion) IRFD2Z0 0.32 A 
IRFD2Z1 : 
IRFD272 Vos > Ipton) X poston) max, Ves = -10 V 
Static oe On-State rpston) IRFD2Z0 | ee aes peor | 
Resistance IRFD2Z1 
en eee Ves = 10 V, Ip = 0.15 A 


Forward Transconductance @ Gts | ALL | 0.06 | 0.11 | — | S(O) | Vos> Iptom X Fpston max, Ip = 0.15 A 
Input Capacitance wo | ALL {| — | 37_| — | pF 
Ves = 0 V, Vos = 25 V, f = 1.0 MHz 
/ 15 | — | PF | ccrig.g 
| 40°] — | pF 
| ns | Von = 0.5 BVpss, Ip = 0.15 A, Zo = 50.9 


| 10 | — | ns_ | See Fig. 16 
Rae 


(MOSFET switching times are essentially 
independent of operating temperature.) 


Total Gate Charge © | Ves = 10 V, Ip = 1.5 A, Vos = 0.8 V Max. Rating. 
(Gate-Source Plus Gate-Drain) See Fig. 17 for test circuit. (Gate charge is 
Gate-Source Charge Qgs essentially independent of operating 


Gate-Drain (‘Miller’) Charge Qga temperature.) 


Internal Drain Inductance . Measured from the Modified MOSFET 
drain lead, 2.0 mm symbol showing the 
(0.08 in.) from package j internal device 
to center of die. inductances. 
Internal Source Inductance Measured from the 
source lead, 2.0 mm 
(0.08 in.) from 
package to source 


Vps = Max. Rating x 0.8, Ves = 0 V, Tc = 125°C 


bonding pad. 
_ THERMAL RESISTANCE | | | 
Junction-to-Ambient —. Resa | ALL {| — | — | 120 |°c/w| Free Air Operation 
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Continuous Source Current IRFD2Z0 0.32 A Modified MOSFET symbol 
(Body Diode) IRFD2Z1 j showing the integral 
IRFD2Z2 reverse P-N junction rectifier. 
IRFD2Z3 a Wiad 
Pulse Source Current IRFD2Z0 15 A 
(Body Diode) IRFD2Z1 ; 
IRFD2Z2 | 


Diode Forward Voltage @ > | IRFD2Z0 pare : 
IRFD2Z2 nae : 


Ty = 150°C, lr = 0.30 A, dir/dt = 100 A/us 
Ty = 150°C, lr = 0.30 A, dir/dt= 100 A/us 
Intrinsic turn-on time is negligible. 
Turn-on speed is substantially controlled by Ls + Lp. 


Forward Turn-on Time 


@ Ty = 25°C to 150°C. 
@ Pulse Test: Pulse width < 300 us, Duty Cycle < 2%. 
® (See Fig. 14 and 15) L = 100 wH 
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IRFD2Z0, IRFD221, [RFD2Z2, IRFD2Z3 


Ip, ORAIN CURRENT (AMPERES) 


Vps, DRAIN: TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics 
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Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Fig. 5 — Typical Transconductance Vs. Drain Current 
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Ip, DRAIN CURRENT (A) 


0.75 80 ys PU ESE TEST 
\ 


Vos > !p(on) * Ros(an) max. 


0.50 


Ip, DRAIN CURRENT (AMPERES) 


-eaees) REE 
San, Annee 
EER Zeaneee 
0 ow Y, 
0 2 4 6 8 1 
Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 2 — Typical Transfer Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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Ing, REVERSE DRAIN CURRENT (AMPERES) 


0.2 


0 0.4 0.8 12 1.6 2.0 
Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 — Typical Source-Drain Diode Forward Voltage 


1000 


N-CHANNEL 
POWER MOSFETs 


IRFD2Z0, IRFD2Z1, IRFD2Z2, IRFD2Z3 


(NORMALIZED) 
(NORMALIZED) 


BV pss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Ros(on). DRAIN-TO-SOURCE ON RESISTANCE 


-40 0 40 80 120 160 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 
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a FOR TEST CIRCUIT 
= SEE FIGURE 17 
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Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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[on] 
. 
w Rps(on) MEASURED WITH CURRENT PULSE OF 
cx 2.0 zs DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
4 : : : T TEMPERATURE (°C 
Ip, DRAIN CURRENT (AMPERES) tA ENE ne ‘92CS—43539 
Fig. 11 — Typical On-Resistance Vs. Drain Current __ Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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Pp, POWER DISSIPATION (WATTS) 


IRFD2Z0, IRFD2Z1, [RFD2Z2, IRFD2Z3 


0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fia, 13 — Power Vs. Temperature Derating Curve 


Fig. 15 — Clamped Inductive Waveforms 
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Ves = 10V to 


Fig. 14 — Clamped Inductive Test Circuit 


N-CHANNEL 
POWER MOSFETs 


Vgg = 10V Fp 


Fig. 16 — Switching Time Test Circuit 
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Fig. 17 — Gate Charge Test Circuit 
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IRFD310/311/312/313 


IRFD310R/311R/312R/313R 


August 1991 


Features 

e 0.3A and 0.4A, 350V - 400V 

* rpS(on) = 3.62 and 5.02 

e Single Pulse Avalanche Energy Rated* 
°e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFD310, IRFD311, IRFD312, and IRFD313 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD310R, IRFD311R, IRFD312R, and IRFD313R 
types are advanced power MOSFETs designed, tested, and 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFD310 IRFD311 IRFD312 IRFD313 
IRFD310R IRFD311R IRFD312R IRFD313R UNITS 

Drain-Source Voltage (1) 2... ccc cece cece teen nee eees Vos 400 350 400 . 350 V 
Drain-Gate Voltage (RGS = 20K) (1)...... ee eee ees VDGR 400 350 400 350 V 
Continuous Drain Current 

NGS ROU 4b iaieiin settee wile nae teANd lee seaweed Ip 0.4 0.4 0.3 0.3 A 
Pulsed Drain Current (3) ..... ccc cence cece eee c seen eeees loM 1.6 1.6 1.2 1.2 A 
Gate-Source Voltage ..... ccc ccc cece reece ees nceeens Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +259C (See Figure 14)... ... cece cee ee ee eens Pp 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ........ cece cee n eee 0.008 0.008 0.008 0.008 W/9C 
Inductive Current, Clamped ......... ccc cece cccscacecs ILM 1.6 1.6 1.2 1.2 A 

(See Figure 14, L = 100ph) 
Single Pulse Avalanche Energy Rating (4)............6. Eas* 45 45 45 45 mJ 
Operating and Storage Junction ...........seeeee Ty TSTG ~55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering..... wie Bad saat TL 300 — 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C. 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Therma! Impedance Curve (Figure 15). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
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4. Vop = 40V, starting Ty = +25°C, L = 44.89mH, Res = 500, 


IPEAK = 1.4A. See Figure 15. 
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File Number 
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IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD311R, IRFD312R, IRFD313R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA 
IRFD310/312, IRFD310R/312R 


IRFD311/313, IRFD311R/313R | | 
40 
i 
/=500__| nA 
Zero Gate Voltage Drain Current Ipss_| Vos = Max Rating, Vgs = OV | 250 | yA 


On-State Drain Current (Note 2) 
IRFD310/311, IRFD310R/311R 
IRFD312/313, IRFD312R/313R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD310/311, IRFD310R/311R 


IRFD312/313, IRFD312R/313R 


Forward Transconduciance (Note 2) | dfs | Vos > ID(ON) X (DS(ON) Max Ip = 0.2A i ie 

input Capacitance Ciss GS = OV, Vps = 25V, f = 1.0MHz 135 | - | 

Output Capacitance Coss | See Figure 10 | 35 [| - | p 

Reverse Transfer Capacitance Crss | ao [| - | 

Turn-On Delay Time | ta(ONn) | Vpp ~0.5BVps¢g, Ip = 0.4A, Rg = 9.19 2 
t See Figure 17. (MOSFET switching times 10 20 a 

. are essentially independent of operating a at i 

Turn-Off Delay Time td(OFF)_| temperature) =o 

Fal Time z2 

Total Gate Charge VGg = 10V, Ip = 0.4A, Vpg = 0.8 Max nc a 

(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. + = 

Gate-Source Charge Ques a a rahe is fein independent of nc = 

Gate-Drain (“Miller”) Charge : at i nC 


| Qgd | 
Lp Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 

to center of 

die. 

Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to Source 
bonding pad. 


Junotion-to-Ambient PUA 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
P-N junc. rectifier. G 
S 


ISM 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Ty = +2596, Is = 1.6A, Vag = OV 
Reverse Recovery Time Ty = +1509C, Ip = 1.6A, dif/dt = 100A/u1s 
Reverse Recovered Charge | Qrr_ | Ty=+1509C, Ip = 1.6A, di/dt = 100A/ys 


Internal Drain Inductance 


Internal Source Inductance 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled byLs +Lp. 


NOTES: 
1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, starting Ty = +25°C, 

, ; junction temperature. See Transient Thermal ‘ L= 44.89mH, Res = 50M, Ipeak = 1.4A. 
2. Pulse Test: Pulse width < 300us, Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 


4-407 


IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD3117R, IRFD312R, IRFD313R 
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Fig. 1 — Typical Output Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


1p, DRAIN CURRENT (AMPERES) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Ip, DRAIN CURRENT (AMPERES) 


Fig. 5 — Typical Transconductance Vs. Drain Current 


ip, ORAIN CURRENT (AMPERES) 


Inn, REVERSE DRAIN CURRENT (AMPERES) 
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Fig. 2 — Typical Transfer Characteristics 
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TIS 
TN h 

TT IN | INES 
ptt + ts 


a mrt eee 
NMEA 


Ty = 150°C MAX. 
SINGLE PULSE 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-42798 


Fig. 4 — Maximum Safe Operating Area 
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Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD3117R, IRFD312R, IRFD313R 
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BV pss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.92 
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Ty, JUNCTION TEMPERATURE (°C) 


Fig. 7 — Breakdown Voltage Vs. Temperature 
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Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage 


Ros(on) MEASURED WITH CURRENT 
g | PULSE OF 2.0 us DURATION. 

INITIAL Ty = 25°C. (HEATING 

EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


; Ip, DRAIN CURRENT (AMPERES) 
Fig. 11 — Typical On-Resistance Vs. Drain Current 
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Fig. 8 — Normalized On-Resistance Vs. Temperature 
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FOR TEST CIRCUIT 
SEE FIGURE 17 


0 2 4 6 8 10 
Qg, TOTAL GATE CHARGE (nC) 


10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


IRFO310, 311 


IRFD310R, 311R 


a al 
IRFD312, 313 


IRFD312R, 313R 


Tc, CASE TEMPERATURE (°C) 
12 — Maximum Drain Current Vs. Case Temperature 


IRFD310, IRFD311, IRFD312, IRFD3 13 IRFD310R, IRFD311R, IRFD312R, IRFD313R 


Py, POWER DISSIPATION (WATTS) 


0 20 40 60 80. 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 
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Veg = 10V ad _ Veg = 10V 
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Ey = 0.5BVpsg Ec= 0.75 BVpss | =n i 
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Fig. 14a - Clamped Inductive Test Circuit Fig. 15a y Unclamped Energy Test Circult 


Fig. 14b - Clamped inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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at HARRIS IRFD320/321/322/323 
- IRFD320R/321R/322R/323R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
¢ 0.5A and 0.4A, 350V - 400V 
* (DS(on) = 1.8 and 2.50 


4-PIN DIP 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* SOURCE 
¢ SOA is Power-Dissipation Limited DRAIN 

e Nanosecond Switching Speeds GATE 

e Linear Transfer Characteristics 


e High Input Impedance 
Description 


The IRFD320, IRFD332, IRFD322, and IRFD323 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFD320R, IRFD332R, IRFD322R, and IRFD323R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


N-CHANNEL 
POWER MOSFETs 


The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFD320 IRFD332 IRFD322 IRFD323 
IRFD320R IRFD332R IRFD322R IRFD323R UNITS 

Drain-Source Voltage (1) ....... cece cece cece cc eeccees Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20K2) (1). 1... cee ee eee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

TG F280 Gs sah casansienslamkiosed eaaaiess alee Ip 0.5 0.5 0.4 0.4 A 
Pulsed Drain Current (3)... . ccc cc cee cee cece cece IDM 2.0 2.0 1.6 1.6 A 
Gate=Source Voltages 6. sic sc ie celia eeaeeead cabs Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +259C (See Figure 13) ...... ccc ccc cece cece e eee Pp 1.0 1.0 1.0 1.0 WwW 
Linear Derating Factor (See Figure 13) .......... cc ccc ee eee 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped ..........0cccuceeececececs ILM 2.0 2.0 1.6 1.6 A 

(See Figure 14, L = 100,1H) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 100 100 100 100 mJ 
Operating and Storage Junction ............e evens Ty TSTG ~55to+150 -55to+150 -S5to+150 -55to+150 nd © 

Temperature Range 

Maximum Lead Temperature for Soldering ............... Th 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 3. Repetitive Rating: Pulse width limited by maximum junction 


temperature. See Transient Thermal Impedance Curve (Figure 5). 


4. Vop = 40V, starting Ty = +25°C, L = 29.09mH, Res = 500, 
IPEAK = 2.5A. See Figure 15. 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. pending procedures should be followed: File Number 232 5.1 
Copyright © Harris Corporation 1991 
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IRFD320, IRFD32 1, IRFD322, IRFD323 IRFD320R, IRFD327R, IRFD322R, IRFD323h 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS a UNITS 
Drain-Source Breakdown Voltage BVpss:_ | Vas= OV, Ip = 250yuA (dae tn see ee 
Vv 
pee ON ee 


IRFD320/322, IRFD320R/322R 
IRFD321/323, IRFD321R/323R 

[Gate Threshold Voltage | Vasm |Vos=Ves p=250A_——=SC~“—~sC Cd 

[Gaie-SourceLeakageFaward | Iagg [Ves=20v SS | i500 


iGate-Gouee LeskegoRevers | laas [Vag=-207 | =] > | 200 | ma 

Zero Gate Voltage Drain Current Vps = Max Rating, Veg = OV | = | - [| 250 { pA | 
To =+1250C 

On-State Drain Current (Note 2) (ON) | VDS> !D(ON) X DS(ON) Max, Veg = 10V . 


IRFD320/321, IRFD320R/321R 
IRFD322/323, IRFD322R/323R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD320/321, IRFD320R/321R 


IRFD322/323, IRFD322R/323R 


pes | | | a 
oe 


TDS(ON) | VGS = 10V, Ip = 0.25A 


Gass 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Vpp ~ 0.5BVpss, Ip = 0.5A, Rg = 9.12 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


VGs = 10V, Ip = 0.5A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 


Gate~Source Charge | (Gate charge is essentially independent of nC 

iGate= Souler Ota re ose nse pe alive oe es oe 
Gate-Drain ("Miller") Charge | _Qga | reo | - | nc | 
Internal Drain Inductance Lp Measured from Modified MOSFET 


the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 

die. 

Measured from the 
source lead, 2.0mm 
(0.08") from 
package to source 
bonding pad. 


symbol showing the 
internal device 
inductances. 


Internal Source Inductance 


Junction-to-Ambient 
Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Is 
Pulse Source Current Iso integral reverse 
(Body Diode) (Note 3) Ca P-N junc. rectifier. 


' 1 Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge | QrR | 


Forward Turn-on Time 


NOTES: 

1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, starting Ty = +25°C, 
junction temperature. See Transient Thermal L = 29.09mH, Res = 50N, IpEAK = 2.5A. 

‘2. Pulse Test: Pulse width < 300us, 


Impedance Curve (Figure 5). (See Figure 15.) 
Duty Cycle < 2% . 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321R, IRFD322R, IRFD323R 


fee ebserse ret - 


i 


Ip, ORAIN CURRENT (AMPERES) 


ane 


0 100 200 300 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 


Qts. TRANSCONODUCTANCE (SIEMENS) 
ww 


Ea ae | T 125°C a 

a4can peeeeee 

CEPT 

Wace cea 

‘ee heek eee 

PCC Eee 
1 2 3 4 


Ip, DRAIN CURRENT (AMPERES) 


Fig. 5 — Typical Transconductance Vs. Drain Current 


aR eee Se 
ne 
pe eas 

po fo 1y=250t (ie 
i al a me / 
Seaeeee Ree 
pe ae 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


Fig. 2 — Typical Transfer Characteristics 


N-CHANNEL 
POWER MOSFETs 


Ip, ORAIN CURRENT (AMPERES) 


Rithua = 120 K/W 
SINGLE PULSE 


2 
1 10 100 350 1000 
Vp, DRAIN TO SOURCE VOLTAGE (VOLTS) 
92CS- 42799 


Fig. 4 — Maximum Safe Operating Area 


102 + 


Pomel 
e/a 


SH 
ea rl oS a 


Vsp, saan TO- a VOLTAGE wae 


Ing. REVERSE DRAIN CURRENT (AMPERES) 


Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321R, IRFD322R, IRFD323R 


1.25 


BVoss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
120 160 


Ty, JUNCTION TEMPERATURE (°C) 


Fig. 7 — Breakdown Voltage Vs. Temperature 


Cigg = Cgs + Cog, Cds SHORTED 
Crss = Cog 

Cos Cgd 

gs * Cgq 

= Cys + Cog 


"Coss = Cds + 


C, CAPACITANCE (pF) 


Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (GHMS) 


Ip, DRAIN CURRENT (AMPERES) 
Fig. 11 — Typical On-Resistance Vs. Drain Current 


Vgs = 10V 


Rps(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (9C) 


Fig. 8 — Normalized On-Resistance Vs. Temperature 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


Ip = 0.5A 
__|__ FOR TEST CIRCUIT 
| SEE FIGURE 17 


0 4 8 12 16 20 
yg, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


7 SN] TA troszon sere |] 
a > : , 
[oad 
uJ 
a 
= | {| 
< 0.3 
=< 
[eel 
ac 
[ong 
eS IRFD322, 323 fed 
z 02 IRFD322R, 323R 
fan) 
= i 


0.1 


a] 
eae eee 
ZERERERER 


0 
25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321R, IRFD322R, IRFD323R 


Pp. POWER DISSIPATION (WATTS) 


Tc. CASE TEMPERATURE (°C) 
Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN VARY tp TO OBTAIN 


REQUIRED PEAK I, REQUIRED PEAK I Res Vpp 2 
oe ee | 
23 
Vas = 10V DUT zo 
eS L tp Veg = 10V [= <= 
Y P _—— 
O uw 
E = 0.5 BVpss Ec= 0.75 BVpss — a. 
Fig. 14a - Clamped Inductive Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
R BATTERY '}F 
= seeds 
Vps 
DUT 
h RG + 
Z Vppb 
Ves= 10V e 
PULSE WIDTH < 12S I _ | | 1.5mA 
DUTY FACTOR < 0.1% © -Vps 
IG CURRENT —L Ip CURRENT 
SAMPLING RESISTOR “~~ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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IRFF110/111/112/113 


IRFF110R/111R/112R/113R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

© 3.0A and 3.5A, 80V - 100V 

* 'DS(on) = 0.62 and 0.82 

¢ Single Pulse Avalanche Energy Rated* 
© SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFF110, IRFF111, IRFF112, and IRFF113 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF110R, IRFF111R, IRFF112R, and IRFF113R 
types are advanced power MOSFETs designed, tested, and 


Package 


TO-205AF 
BOTTOM VIEW 
SOURCE GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 
IRFF110 IRFF111 IRFF112 IRFF113 
IRFF110R IRFF111R IRFF112R IRFF113R UNITS 
Drain-Source Voltage (1) ....... ccc cece cece er eecees Vps 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20K) (1)... eee eee eee VpGR 100 80 100 80 V 
Continuous Drain Current 
TGF 25 °C ooh erewatetkaleiatstaueeoe Catan eae seats Ip 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current (3) ........cceeecee cece neneceeeee IDM 14 14 12 12 A 
Gate-Source Voltage ..... 2... .sccccccnescresccnanes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
EGS a OC iy oid iiss Sanaa vane Woe OLS Veen wees Po 15 15 15 15 Ww 
Linear Derating Factor..........cccccccccccevecccccuceecs 0.12 0.12 0.12 0.12 W/9°C 
Inductive Current, Clamped .......... ccc cece cee ee evens ILM 14 14 12 12 A 
(See Figure 14, L = 100nH) 
Single Pulse Avalanche Energy Rating (4).............. Eags* 19 19 19 19 mJ 
Operating and Storage Junction ............0.eeee Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = SV, starting Ty = +25°C, L = 2.3mH, Rgs = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = Son See higure 18: 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 1 562 1 


Copyright © Harris Corporation 1991 
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IRFF1170, IRFF1717, IRFF1172, IRFF713 IRFF170R, [RFF1117R, IRFF112R, IRFF113R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss’__| Vas = OV, Ip = 250nA a re ees 
| 100 V 


IRFF110/112, IRFF110R/112R 


IRFF111/113, IRFF111R/113R Fo - | - [ ve] 
[GateThresholdVoltage_—_—*d Vasmm) [Vos=Vas,Ip=2500A——S—~éd|—' 20 =| SiC | 


Gate-Source Leakage Forward lass. |Va@sg=20V pe et 00. |P nae. | 
Gate-Source Leakage Reverse lass |Vq@s=-20V i ee ee ee 
Zero Gate Voltage Drain Current IDss Vps = Max Rating, Vas = OV | = [| - | 250 | pA | 


A 

Vps = Max Rating x 0.8, Vas = OV, 1000 HA 
Ty = +1259C 

p= |. 


On-State Drain Current (Note 2) 
IRFF110/111, IRFF110R/111R 
IRFF112/113, IRFF112R/113R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF110/111,IRFF110R/111R 


IRFF112/113, IRFF112R/113R 


SSNS CLARO ECE 


ID(ON) | YDS > !D(ON) X DS(ON) Max, Vgg = 10V 


DS(ON) | VGS= 10V, Ip =1.5A 


a en el : 
Rise Time t : 15 — 
pre sceoniclivindependentetcearaing esas) eee eee me 3) act 
Tum-Off Delay Time iHOFF) | temperature} P= 1s [se] BB 
; ; = 

Fall Time ea zs 
Total Gate Charge Vas = 10V, Ip = 3.5A, Vps = 0.8 Max 5.0 7.5 nC oS 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. > = 
Gale-Source Charge eg ene P20 [= fe} | ® 
Gate-Drain ("Miller") Charge | Qgg_| Pem=nna temperature C= [so |_- [ac 

Internal Drain Inductance Lp | Measured from Modified MOSFET f 


the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 

from header inductances. 

to center of 


die. 
Internal Source Inductance Ls Measured from the 

source lead, 5.0mm 

(0.2”) from 

header to source 

bonding pad. . oS 
Junction-t0-Case Foc | CSCS CC 88 [OC 
Em a (RZ E 


Source Drain Diode Ratings and Characteristics | 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Vsp Ty = +259C, Is =3.5A, Vag = OV 
ter 


| tre | Ty = +1500C, Ip =3.5A, dif/dt = 100A/us 
| QrR_ | Ty=+150°C, If =3.5A, dif/dt = 100A/us 


tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300ps, junction temperature. See Transient Thermal l= 2.3MH, Res = 25N, IpEAK = 3.5A. (See 
= Impedance Curve (Figure 5). Figure 15.) 


Duty Cycle < 2% 
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IRFF110, IRFF111, IRFF112, IRFF113. IRFF110R, IRFF111R, IRFF112R, IRFF113R 


mary i] ' 

Vos > !pion) * 
a a 
2 . 
z = 
< < 
_& « 
3 3 
z z 
< < 
é é 
3 3 

Vos. ORAIN-TO-SOUACE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) | 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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a. 
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-l 
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Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) ° Vde DRAIN to SOURCE VOLTAGECVOLTS> j 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFF110, IRFF111, IRFF112, IRFF113 IRFF110R, IRFF11717R, IRFF1712R, IRFF1713R 


ac 


Hs. TRANSCONDUCTANCE (SIEMENS) 
Ion. REVERSE DRAIN CURRENT (AMPERES) 


tee ote 
SESE ee alll 


sa 


16 24 40 48 56 64 72 80 04 06 O8 10 12 14 #16 18 20 
Ip, DRAIN CURRENT (AMPERES) Vsp. SOURCE-TO-ORAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


N-CHANNEL 
POWER MOSFETs 


BVnsg DRAIN-TO-SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 

RpS(on). ORAIN-TG-SOURCE ON-STATE RESISTANCE 
(NORMALIZED) 


: 0 
0 40 -20 0 20 40 60 80 100 120 140 0 -40 -20 O 20 40 60 80 100 120 140 
T,, JUNCTION TEMPERATURE (°C) T,, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


eet 


C, CAPACITANCE (pF) 
Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip = 8A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


0 10 20 30 40 50 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE oC) 
Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFF170, IRFF777, IRFF112, IRFF113) IRFF110R, IRFF11717R, IRFF112R, IRFF113R 


Rosion) MEASURED WITH CURRENT PULSE OF 
2bus OURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL) 


IRFF110, 111 
IRFF110R, 111R 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
_ Ip, ORAIN CURRENT (AMPERES) 


0 
| 25 50 15 100 125 150 
Ip. ORAIN CURRENT (AMPERES) Tee CASE TEMPERATURE IC) 


Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


Vas = 10V DUT 
es tp Ves 10Vp<— 
p 
I 
Ey = 0.5 BVpss Ec= 0.75 BVpss 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms . Fig. 15b - Unclamped Energy Waveforms 


+Vpos 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 


BATTERY '}F 
om hee 


aL 
Vgs = 10V 


PULSE WIDTH < 11S 
DUTY FACTOR < 0.1% -Vbs 

| | IG CURRENT —L- Ip CURRENT 
SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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IRFF120/121/122/123 


IRFF120R/121R/122R/123R 


August 1991 


Features 

¢ 5.0A and 6.0A, 80V - 100V 

* DS(on) = 0.302 and 0.4029 

e Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFF120, IRFF121, IRFF122, and IRFF123 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF120R, IRFF121R, IRFF122R, and IRFF123R 
types are advanced power MOSFETs designed, tested, and 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-205AF 


SOURCE GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


”a 
guaranteed to withstand a specified level of energy in the D oo tis 
breakdown avalanche mode of operation. All of these power = 2 
MOSFETs are designed for applications such as switching <= = 
regulators, switching converters, motor drivers, relay drivers, © cc 
and drivers for high-power bipolar switching transistors G z = 
requiring high speed and low gate-drive power. These types a. 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF120 IRFF121 IRFF122 IRFF123 
IRFF120R IRFF121R IRFF122R IRFF123R UNITS 

Drain-Source Voltage (1) 2... ccc cece cece ence eee Vps 100 80 100 80 V 
Drain-Gate Voltage (RGs = 20K) (1)......... ee eee VDGR 100 80 100 80 V 
Continuous Drain Current 

NS OSC Cain es eh auxbns tenses acces Risa Ip 6.0 6.0 5.0 5.0 A 
Pulsed Drain Gurrent (3) ive ssejeckn die ee eteraes!eore's Sistececniecs IDM 24 24 20 20 A 
Gate-Source VOllag6 a4 canceseseesicena xe eeiwou teegea Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

ile Bh re cancsas ee th eae DO nes Pp 20 20 20 20 WwW 
Linear Derating Factor.......... cc cece cece e cee ceeeeneees 0.16 0.16 0.16 0.16 W/°C 
Inductive Current, Clamped .......... ccc: e cece eee eees ILM 24 24 20 20 A 

(See Figure 14, L= 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 36 36 36 36 mJ 
Operating and Storage Junction ............. eee ee Ty, TsTG -55to+150 ~-55to+150 -55to+150 ~-55to+150 id @) 

Temperature Range 

Maximum Lead Temperature for Soldering..............+. Th 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 28V, starting Ty = +25°C, L = 1.5mH, Res = 25N, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 
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IPEAK = 6.0A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 563 1 
Copyright © Harris Corporation 1991 


IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF121R, IRFF122R, IRFF123R 
Electrical Characteristics To = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | UNITS | 
Drain-Source Breakdown Voltage | BVpss | VqGsg=OV, Ip = 250pA 
100 Vv 
ee ae a 


IRFF120/122, IRFF120R/122R 

IRFF121/123, IRFF121R/123R 
[Gate TresholdVotlage | Vasqim |Vos=Ves.p=250A_———~S~C~C~—sC | Cd | 
[Gato-Source LeakageFoward | Iggs |Vas=20V_———SCSCSCS S| > *dY 0 


Gate-Source Leakage Reverse lass |Vaqs=-20V | = [| = | -100 | nA | 
Zero Gate Voltage Drain Current Ipss__ | Vpg = Max Rating, Vag = OV | - {| - | 250 | pA | 
Vps = Max Rating x 0.8, Vag = OV, 1000 uA 
To =+1259C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max, Vgg = 10V 
IRFF120/121, IRFF120R/121R A 
IRFF122/125, RFF122R/125R a a a 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 3.0A 
Resistance (Note 2) 
IRFF120/121, IRFF120R/121R 0.25 0.30 N 
IRFFIS3/123, FFI ZOR/133R [030 [040 [a 
Forward Transconductance (Note 2) Vps > ID(ON) X DS(ON) Max: Ip = 3.0A | 15 {| 29 |. - | SO) 
Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | = | 450 | - | pF Y 
Output Capaciiance 2 fa oe es ee 
Reverse Transfer Capacitance Crss | - | 50 | -. | pF | 
Turm-On Delay Time ton, Yop =058Vpg5,ip=60ARg=ain  |_- | 20 | 40 | ns__ 
Rise Time t See Figure 16. (MOSFET switching times 37 70 
See nislivindepertientolcpaaing, aves cee = oe ats 
Turn-Off Delay Time td(OFF)_| temperature) see) ee 2]2 100-4 he 
Fall Time aes ee a 
Total Gate Charge Vas = 10V, Ip = 6.0A, Vps = 0.8 Max 10 15 nc 
(Gate-Source + Gate-Drain) | Rating. See Figure 17 for test circuit. 
te-S Ch ; (Gate charge is essentially independent of C 
fate Soules CNet a GS ye ansemeccranie) ee ee ee oe 
Gate-Drain (“Miller”) Charge | Qgd cca I a ee 
Internal Drain Inductance Lp Measured from Modified MOSFET 5.0 nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 9D 
die. 
Internal Source Inductance Ls Measured from the nH 
source lead, 5.0mm : 
(0.2”) from 
header to source 
bonding pad. ), 
Junction-to-Case Ro | TTS Cd C—«i «i OC 
ST Ea (ee (MR BS 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current | Is Modified MOSFET A 
(Body Diode) symbol showing the 
Pulse Source Current ISM integral reverse A 
(Body Diode) (Note 3) P-N junc. rectifier. 
i S 

Diode Forward Voltage (Note 2) Ty = +250C, Ig = 6.0A, Vag = OV ee ee 
Reverse Recovery Time Tj = +1500G, Ip =6.0A, dip/at=100A/us_ | - | 230. | - | ns _ 
Reverse Recovered Charge | Qrar_ | Ty=+150°C, IF =6.0A,diF/dt=100A/us | - [{ 10 [ - | xc | 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled byLs +Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us junction temperature. See Transient Thermal L = 1.5mH, Rgs = 252, Ipeak = 6.0A. (See 
Duty Cycle < 2% si Impedance Curve (Figure 5). Figure 15.) 
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IRFF 120, IRFF1217, IRFF122, IRFF123 IRFF120R, IRFF1217R, IRFF122R, IRFF123R 


Zc lt/ Ringe. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Ip. ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


A 
0 10 20 30 40 50 0 2 4 6 8 10 
Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) Vgs, GATE TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


FLL le <3 
OPERATION IN’ THIS ARE! 
1S LIMITED BY RdsCon) 


10.0 ————}——" t — t "8 q 
Ww 

zB i SR 2S 2X OS 
rg : 
a be} 
z 
5 6 a 1 
= 5 a a 
3 ae © =O 
pa C0 er z= © 
= a rE Ge) Cel «t = 
= aes lie eM ee 
« 2 tf r 
z Pees) - rz a 
= eal 1 

|_| a 

fo) 
ea a. 
oto LL 10.0 100.0 200.0 
Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) : Vde DRAIN to SOURCE VOLTAGEC VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


ma Poet tee a 
ae He seuss — ws 


— or 208 
es | | 
a et ee qo ennin 


ee ea a 


Sees eS = eee 
= ee ea eee + ee a « 
= 


1. DUTY FACTOR, D = it 


ee SINGLE PULSE (TRANSIENT Bet 2. PER UNIT BASE = Rinjc = 6.25 DEG. C/W. 
— =f Tt THERMAL IMPEDANCE) 3 Tym -To=Pom Zinsclt 
is = aestili CCC Cre te OM finch! 


“oS 2 5 wt 2 5 19°3 5 19-2? S$ jot 2 5 10 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF 120R, IRFF127R, IRFF122R, IRFF123R 


BVoss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


Fi 


ts. TRANSCONOUCTANCE (SIEMENS) 


Ip, ORAIN CURRENT (AMPERES) 


Fig. 6 — Typical Transconductance Vs. Drain Current 


(NORMALIZED) 


oe ee 


C, CAPACITANCE (pF) 


eS eR RSSERS 
bapa 
Cee ed 
Zee 
ae eS a 
REAR e 
Aaa e 
ERTS eRe e 


ae Se 
Ce Na 


§ 
60 40 -20 0 20 40 #60 80 100 #120) «#140 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature 


Vps. ORAIN-TO ecuiee eartnee (VOLTS) 
. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Ros(on). ORAIN-TO-SOURCE ON-STATE RESISTANCE 


(NORMALIZED) 


Inn. REVERSE DRAIN CURRENT (AMPERES) 


Vsp. haere TO-DRAIN ere {VOLTS) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 


0 20 4 80 100 120 340 
T;, JUNCTION ncaa RE (°C) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 


Vs. GATE TO SOURCE VOLTAGE (VOLTS) 


4-424 © 


FOR TEST CIRCUIT 
SEE FIGURE 17 


‘ 8 12 16 20 
Qy. TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 


IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF121R, IRFF122R, IRFF123R 


: ee el 
See nEEee Mm Sscectects 
Ves * 10v | 
* Shee 


0.6 


IRFF122, 123 
IRFF122R, 123R 


, 0.2 


Ros(on). QRAIN-TO-SOURCE ON RESISTANCE (OHMS) 
o 
oy 
Ip. ORAIN CURRENT (AMPERES) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us OQURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


0 10 20 30 40 25 50 15 100 125 150 
Ip. DRAIN CURRENT (AMPERES) I GUGASE TEMPERATURES) 


Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


a DUT 
Vas = 10V tp Ves= 10V 


tp 


N-CHANNEL 
POWER MOSFETs 


IL 


E, = 0.5 BVpss Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
Rp BATTERY '}F 
a aes 


DUT 


RG — 
Vas= 10V 


PULSE WIDTH < 11S : [ = | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —K Ip CURRENT 
SAMPLING RESISTOR ™ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 


4-425 


G@ HARRIS | IRFF130/131/132/133 
_ IRFF130R/131R/132R/133R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features | | Package 
° 7.0A and 8.0A, 80V - 100V TO-205AF 
e DS(on) = 0.189 and 0.259 

, © Single Pulse Avalanche Energy Rated* ae 


SOURCE 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFF130, IRFF131, IRFF132, and IRFF133 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF130R, IRFF131R, IRFF132R, and IRFF133R N-CHANNEL ENHANCEMENT MODE 


types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low eS 
Profile TO-39) metal package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFF130 IRFF131 IRFF132 IRFF133 

IRFF130R IRFF131R IRFF132R IRFF133R UNITS 
Drain-Source Voltage (1) ...... ccc eee e nce reece ees Vos 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20kK2) (1)... .. cee seen eee VDGR 100 80 100 80 V 
Continuous Drain Current " 

TOS F259 5 secu wa velor unless veneer ee sense ra teteass Ip 8.0 8.0 7.0 7.0 A 
Pulsed Drain Current (8)... ... ccc cece cece cece eee enas IDM 32 32 28 28 A 
Gate-Source Voltage sc esivsnece) taeiaGi oa eeweewars Ves +20 _ £20 +20 +20 | V 
Maximum Power Dissipation 

OS eC bi ee6 aril aaa ede are sae kee duweeks Pp 25 25 25 25 W 
Linear Derating Factor.........ccccc ccc ccecsececestseees 0.2 0.2 0.2 0.2 W/9C 
Inductive Current, Clamped ...........ceeeeeeeeteeeees ILM 32 32 28 28 A 

(See Figure 14, L = 100u1H) 

Single Pulse Avalanche Energy Rating (4)...........005 Eas* 69 69 69 69 mJ 
Operating and Storage Junction ...............06. Ty TSTG ~“5S5to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ..........e000 TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. | ? 4. Vpp = 285V, starting Ty = +25°C, L = 1.62mH, Reg = 252, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK = 8:00.98 Figure: to: 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See. 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1564.1 
Copyright © Harris Corporation 1991 | 
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IRFF130, IRFF131, IRFF132, IRFF133 IRFF7130R, IRFF1317R, IRFF132R, IRFF133R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS a UNITS 
Drain-Source Breakdown Voltage BVpss _|VGs=OV, Ip = 250yuA 
100 - Vv 
ae a ee 


IRFF 130/132, IRFF130R/132R 
IRFF131/133, IRFF131R/133R 

[Geto TirechoWvotace Vasa [Voa=Vas p= 28a [20 | - | a0 [v1 

Gate-SourceLeskagerowad | lass [Was=eov- t00 a 

Gate-GourooLeskayeneverso | laa |Vage-2o0 ek 

Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV | - | = [ 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
To = +1259C 


ID(ON) | VDS>!D(ON) x (DS(ON) Max, Veg = 10V Leelee 
A 
A 


pO Nese ee 
TDS(ON) | VGS = 10V, Ip = 4.0A 
IRFF 130/131, IRFF130R/131R 0.14 0.18 9) 


IRFF132/133, IRFF132R/133R 
| Forward Transconductance (Note 2) |__gis | VpS>!D(ON) X*DS(ON)Max!D=4.0A_ | 4.0 | 55 | = | Sie) | 
Input Capacitance Vas = OV, Vps = 25V, f = 1.0MHz | = | 600 | 
Coss | 88 Figure 10 
Rise Time 
t 


Fall Time 


Total Gate Charge 

(Gate-Source + Gate-Drain) 
Gate-Source Charge | Qgs | 
Gate-Drain (“Miller”) Charge | Qga | 


ae | ns 
ee | ons 
eee | Ease 
eee wal | ns | 
a 
ed ee lane 
ed ana (eae 
Internal Drain Inductance Lp Measured from Modified MOSFET 5.0 nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of D 
die. 
, ¥ 
fea Fee 
/W 


On-State Drain Current (Note 2) 
IRFF130/131, IRFF130R/131R 
IRFF132/133, IRFF132R/133R 


Static Drain-Source On-~State 
Resistance (Note 2) 


Vpp = 0.5BVpss; Ip = 8.0A, Rg = 9.1N 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


Vas = 10V, Ip = 8.0A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


N-CHANNEL 
POWER MOSFETs 


Measured from the 

source lead, 5.0mm 

(0.2") from 

header to source 

bonding pad. oS 


Internal Source Inductance 


Tanetionte-Case AGT 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse . 
(Body Diode) (Note 3) P-N junc. rectifier. 
S 


| QrR_ | Ty=+1509C, IF = 8.0A, dig/dt = 100A/us 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 25V, starting Ty = +25°C, 


ISM 
Diode Forward Voltage (Note 2) Ty = +250C, Is = 8.0A, Vag = OV 
Ty = +1509, Ip = 8.0A, die/dt = 100A/ps 
on is turnvon firme fs negligible: 


junction temperature. See Transient Thermal L = 1.62mH, Reg = 252, Ipeak = 8.0A. 


_P : P idth < ; : : 
eer Ulse Toshir use With souls Impedance Curve (Figure 5). (See Figure 15.) _ 


Duty Cycle < 2% 
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IRFF130, IRFF131, IRFF132, IRFF133 IRFF130R, IRFF131R, IRFF132R, IRFF133R 


Ip. ORAIN CURRENT (AMPERES) 
a 
Ip, ORAIN CURRENT (AMPERES) 


0 10 20 30 40 50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


OPERATION IN THIS AREA, 
IS LIMITED BY Rdaton) . 


a a ee a 
SS ae SEC ins 
ee a as 


Id ORAIN CURRENT (AMPERES) 


tg, DRAIN CURRENT (AMPERES) 


ERASER Bea SM SON a So 
SE) ES 
ee ae Be ul = 

~ 

eae eee 
© - 
lallli 
0 0.4 08 1.2 1.6 2.0 9.) 0. 0 


eee Fee SE 

rico 

0 10.0 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vds DRAIN to SOURCE VOLTAGECVOLTS? 


200.0 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


es om SO Pt 
& Cy oa ial See 


= 


THERMAL IMPEDANCE (PER UNIT) 


aE = es 1. DUTY FACTOR, 0: +1 
eth sss aa RES il ee 12 


==. 
ate SINGLE PULSE (TRANSIENT Rae : 2. PER UNIT BASE = Rinyc = 50 DEG. CW 
ey i 01 i a ad 


“19°52 5 42 5 19-3 5 2 2 5 10-1 2 § 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zthyclt/ Ringe. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFF130, IRFF131, IRFF132, IRFF133 IRFF 130R, IRFF131R, IRFF132R, IRFF133R 


ts. TRANSCONDUCTANCE (SIEMENS) 
Ipr. REVERSE DRAIN CURRENT (AMPERES) 


a 


0 5 10 15 20 25 0 05 10 15 20 25 3.0 
Ip. ORAIN CURRENT (AMPERES) Vsp. SOURCE TO-ORAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


(NORMALIZED) 


N-CHANNEL 
POWER MOSFETs 


BVpss DRAIN-TO-SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 
RyS(on). DRAIN TO SOURCE ON-STATE RESISTANCE 


Oo 680 «6100 120 «140 -60 -40 -20 0 20 #40 60 80 100 120 140 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (9C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


C. CAPACITANCE {pF) 


Ip = 18A 


FOR TEST CIRCUIT 
~ SEE FIGURE 17 


Vos. GATE TO SOURCE VOLTAGE (VOLTS) 


0 8 16 z4 32 40 
Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFF 130, IRFF1317, IRFF132, IRFF133 IRFF 130R, IRFF137R, IRFF132R, IRFF133R 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


IRFF130, 131 
IRFF130R, 131 R ; 


Zc eae 


Ip. DRAIN CURRENT (AMPERES) 


IRFF132, 133 SS ane 
IRFF132R, 133R \ 


—-+ 


Ros(on): ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 
0 10 20 30 40 50 60 25 50 75 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (°C) 


Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Vgs= 10V DUT e 
p 
I 
E; = 0.5BVpss Ec= 0.75 BVpss 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
; — TYPE 
12V |0.2 AS DUT 
BATTERY |F 
ees 


Vas = 10V 


PULSE WIDTH < 14S 
DUTY FACTOR < 0.1% “Vos 

IG CURRENT —L Ip CURRENT 
SAMPLING RESISTOR ™ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit -> Fig. 17 - Gate Charge Test Circuit 
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| HARRIS IRFF210/211/212/213 
IRFF210R/211R/212R/213R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
. TO-205AF 
e 1.8A and 2.2A, 150V - 200V BOTTOM VIEW 
* rDS(on) = 1.52 and 2.40 
e Single Pulse Avalanche Energy Rated* GATE 
: Be yn ooh wee SOURCE 
e SOA is Power-Dissipation Limited 5 
e Nanosecond Switching Speeds 5 
e Linear Transfer Characteristics DRAIN 
(CASE) 
® High Input Impedance 
Description 
The IRFF210, IRFF211, IRFF212, and IRFF213 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF210R, IRFF211R, IRFF212R, and IRFF213R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and wo 
guaranteed to withstand a specified level of energy in the D 7 ts 
breakdown avalanche mode of operation. All of these power =2 
MOSFETs are designed for applications such as switching < = 
regulators, switching converters, motor drivers, relay drivers, oS 
and drivers for high-power bipolar switching transistors == 
a : oO 
requiring high speed and low gate-drive power. These types on 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
IRFF210 IRFF211 IRFF212 IRFF213 
IRFF210R IRFF211R IRFF212R IRFF213R UNITS 

Drain-Source Voltage (1) ...... cece cece cece e te cecees Vos 200 150 200 150 V 
Drain-Gate Voltage (RG@sS = 20k) (1).........0.00 eee VDGR 200 150 200 150 V 
Continuous Drain Current 

TGs FeSO CO ais tuns wa thea cee ce oe trnstted au eye aes Ip 2.2 2.2 1.8 1.8 A 
Pulsed Drain Current (3) ......... ccc cece cece cen ncccecs lomM 9.0 9.0 75 123 A 
Gate-Source Voltage .........ccceccnsnccccesscevens Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG = 425°C tasckenetinas phan Poceteeuaa aw eeeeee Pp 15 15 15 15 WwW 
Linear Derating Factor......... ccc ccc ee eee cctceceeeeceecs 0.12 0.12 0.12 0.12 W/9C 
Inductive Current, Clamped ......... cece eee cece eens ILM 9.0 9.0 7.5 7.5 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 30 30 30 30 mJ 
Operating and Storage Junction ...............06. Ty, TsTG ~-55to+150 -55to+150 -55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering .............6. TL 300 300 300 300 Te} 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 20V, starting Ty = +25°C, L = 11.16mH, Rgs = 502, 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. PEAK = 2.2m. See Figuie 1S: 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 8 87.1 


Copyright © Harris Corporation 1991 
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IRFF210, IRFF211, IRFF212, IRFF213. IRFF210R, IRFF211R, IRFF212R, IRFF213R 


Electrical Characteristics To = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Voltage BVpss _|Vas= OV, Ip = 250uA 
IRFF210/212, IRFF210R/212R 


IRFF211/213, IRFF211R/213R 


Gate Threshold Voltage Vash) | Vos =Vas, Ip = 250nA | 20 | - | 40 | vi | 
Gate-Source Leakage Forward | lass |Vg@g=20V | i ie eo ae 
Gate-Source Leakage Reverse less |Vas=-20V 


Zero Gate Voltage Drain Current IDss Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Ves = OV, 
To =+1259C 


On-State Drain Current (Note 2) ID(ON) | YDS> ID(ON) X "DS(ON) Max, Vas = 10V 
IRFF210/211, IRFF210R/211R 


IRFF212/213, IRFF212R/213R 


Static Drain-Source On-State 'DS(ON) | VGs = 10V, Ip = 1.25A 
Resistance (Note 2) 
IRFF210/211, IRFF210R/211R 


IRFF21 2/213, IRFF212R/213R 


ots 
i88 | Vas = 0V, Vg = 25V, = 1.0MHZ 
See Figure 10 


Fall Time i tf 


Total Gate Charge Vags = 10V, Ip = 2.2A, Vpsg = 0.8 Max 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge : (Gate charge is essentially independent of 
erating t erature. 

Gate-Drain (“Miller”) Charge Pe ee ) 


internal Drain Inductance 


Vpp ~ 0.5BVpss;, Ip = 2.2A, RG = 9.10 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Measured from Modified MOSFET 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 

to center of 

die. 

Measured from the 

source lead, 5.Omm 

(0.2”) from 

header to source 

bonding pad. 


oe FS O we t@) 
oO Tn 1M 
nN MIM 


Internal Source Inductance 


Junction-to-Case 


Junction-to-Ambient RaJA 


S G 
Q) 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 


integral reverse 
P-N junc. rectifier. 
S 2 
eat te 
a 


Diode Forward Voltage (Note 2) 1 V 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Db | Ty=+25°C, Is = 2.2A, Vgg = OV 
trr | Ty = +150°C, Iz = 2.2A, dif/dt = 100A/us 
Ty = +1500, Ir = 2.2A, dif/dt = 100A/us 


S 
tONn Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


isM 
| Vsp 
Le 
| Orr | 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 20V, starting Ty = +25°C, 
: junction temperature. See Transient Thermal L = 11.16mH, Regs = 500, IpeaAK = 2.2A. 
‘ > Pul < ' ; : 
enh Ube Festi tle wel S Sooner. Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF211R, IRFF212R, IRFF213R 


5.0 


ae) a 


| RY ~ ae 
a Ea! 
ff = Vgs27V Ls 
eae 


3.0 80 ys PULSE TEST 
| | 


I 
Vos > 'p{on) * Boston) max. 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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IRFF220/221/222/223 


IRFF220R/221R/222R/223R 


August 1991 


Features 

¢ 3.0A and 3.5A, 150V - 200V 

* fDS(on) = 0.82 and 1.22 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFF220, IRFF221, IRFF222, and IRFF223 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF220R, IRFF221R, IRFF222R, and IRFF223R 
types are advanced power MOSFETs designed, tested, and 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


TO-205AF 


SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF220 IRFF221 IRFF222 IRFF223 
IRFF220R IRFF221R IRFF222R IRFF223R UNITS 

Drain-Source Voltage (1)... ccc cece ce cee ete e rence Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20KD)(1)...... ee ee eee ee VDGR 200 150 200 150 V 
Continuous Drain Current 

NG = HZSOC cis cawcisaaiiaadeaee weenie tute Gace Ip 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current (3) ........ 0. cee ccc eee et eee nees IDM 14 14 12 12 A 
Gate=-Source Voltage: cecicce te veceaacces coveeeiavies Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
c= POO OG wk pda kse vice se UN Glee Aaa ee aS Pp 20 20 20 20 WwW 
Linear Derating Factors icsc ccc bce cv cise das cee eewe seein 0.16 0.16 0.16 0.16 W/9C 
Inductive Current, Clamped ....... cc. cece cece seen eeeee ILM 14 14 12 12 A 

(See Figure 14, L = 100yH) 
Single Pulse Avalanche Energy Rating (4).........ee0e. Eas* 85 85 85 85 md 
Operating and Storage Junction ............eeeeee Ty TSTG -55to+150 -55to+150 -55to+150 -55to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C. 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


4. Vop = 20V, starting Ty = +25°C, L = 12.5mH, Reg = 502, 
IPEAK = 3.5A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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IRFF220, IRFF2217, [IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Twin [ tyP_[ MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_|Vas=OV, Ip = 250ynA 
IRFF220/222, IRFF220R/222R Vv 
IRFFO21/223, IRFF22TR/220R_ | | Piso [ - | - | v | 


[Gate ThreshoidVollage [Vos |Vos=Vos p= 250A ——S=S~—“—~sY CSCC 


Gate-Source Leakage Forward lass | Vag = 20V | = | 100 
Gate-Source Leakage Reverse less |VGg=-20V | = | -100 nA 


Zero Gate Voltage Drain Current 


loss | Vps = Max Rating, Vgg = OV a 
Vps = Max Rating x 0.8, Vgs = OV, 1000 | WA 
To = +125°C 


Vps > ID(ON) x DS(ON) Max, Vgg = 10V 
TDS(ON) | Vas = 10V, Ip = 2.0A 


On-State Drain Current (Note 2) 
IRFF220/221, IRFF220R/221R 
IRFF222/223, IRFF222R/223R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF220/221, IRFF220R/221R 


IRFF222/223, IRFF222R/223R 


Wo} 
oO; oO 


Forward Transconductance (Note 2) Vps > ID(ONn) X DS(ON) Mase Ip = 2.04 15 | 225 [ - | SW) 

Input Capacitance Ciss ee ee eee ee 

Output Capacitance Coss es a 

Reverse Transfer Capacitance Crss | = | 40 | - | pF 

Turn-On Delay Time taion) |Vpp=0.5BVpss.Ip=3.5A,RG=9.12 | - | 20 | 40 | ns | o 

Rise Time t See Figure 16. (MOSFET switching times 30 - 

Turn-Off Delay Time 'd(OFF) _| temperature) p> {| 50) | 100 | ons | = 2 

Fall Time I Fe 

Total Gate Charge Vas = 10V, Ip = 3.5A, Vps = 0.8 Max rr 15 nC a 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. > = 

Gate-Source Charge a (Gate charge is essentially independent of 5.0 nc =) 
see Chala CRE pats ieee aes a ee ee ee a 

Gate-Drain ("Miller") Gharge ee 


Modified MOSFET 
symbol showing the 


Measured from 
the drain lead, 


internal Drain Inductance 


5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 


die. 
Measured from the 
source lead, 5.0mm 
(0.2") from 

header to source 
bonding pad. 


Internal Source Inductance 


Suey 


ee ee 
i LC 


| Qga_| 

Ls 

oS 
Junction-to-Case A 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
Ss 
V 


Ty = +1500C, Ip = 3.5A, dig/dt = 100A/s 
| QrR_ | Ty=+1509C, Ip =3.5A, die/dt = 100A/us 


Forward Turn-on Time t Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


Is 
ISM 
Diode Forward Voltage (Note 2) Ty = +250C, Ig = 3.5A, Vgg = OV 
ON 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 20V, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal L= 12.5mH, Rgs = 509, IpEAK = 3.5A. 
Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 


80 us PULSE TEST ——~__-_—__— ——_ 


Vos > 'p(on) * Ros(on) max. 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 20 40 60 80 100 0 2 4 6 8 10 
Vos. ORAIN-TO- SOURCE VOLTAGE (VOLTS) Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 


Uts. TRANSCONDUCTANCE (SIEMENS) 
lon. REVERSE DRAIN CURRENT (AMPERES) 


—t- 
Vos > 'p(on) ¥ Ros(on) max. 


80 us PULSE TEST ——- 
5 | 


IN CURRENT (AMP 
Danser Munn en neren en Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


N-CHANNEL 
POWER MOSFETs 
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(NORMALIZED) 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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| HARRIS | __IRFF230/231/232/233 
IRFF230R/231R/232R/233R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
° 4.5A and 5.5A, 150V - 200V Osean 
* DS(on) = 0.42 and 0.62 
¢ Single Pulse Avalanche Energy Rated* GATE 
. ae ; can SOURCE 
e SOA is Power-Dissipation Limited 5 
e Nanosecond Switching Speeds 5 
e Linear Transfer Characteristics DRAIN 
(CASE) 
¢ High Input Impedance 
Descriptio 
The IRFF230, IRFF231, IRFF232, and IRFF233 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF230R, IRFF231R, IRFF232R, and IRFF233R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and a” 
guaranteed to withstand a specified level of energy in the D era, 
breakdown avalanche mode of operation. All of these power 77) 
MOSFETs are designed for applications such as switching = = 
regulators, switching converters, motor drivers, relay drivers, = oc 
and drivers for high-power bipolar switching transistors G z= 
requiring high speed and low gate-drive power. These types = 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF oe S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF230 IRFF231 IRFF232 IRFF233 
IRFF230R IRFF231R IRFF232R IRFF233R UNITS 

Drain-Source Voltage (1) ...... cece cece eect eee eees Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kKN) (1)... 6. eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 

T= 25°C fcc dioesa butions vat ase Noaoead ee aees Ip 5.5 5.5 4.5 4.5 A 
Pulsed Drain Current (9) sssevce nes eee ecenndeesecedues loM 22 22 18 18 A 
Gate-Source Voltage aici 6c4.cts ees eenieeder wees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG 4299 C os i soilese eae sete yl Ries ae ean ae ee Pp 25 25 25 25 W 
Linear Derating Factor... .... ccc ccc cece cece ee cet eeeaes 0.2 0.2 0.2 0.2 W/9C - 
Inductive Current, Clamped ....... 0. ccc cece eee c eens ILM 22 22 18 18 A 

(See Figure 14, L = 100uh) 
Single Pulse Avalanche Energy Rating (4).............-. Eas* 85 85 85 85 mJ 
Operating and Storage Junction ......... 0... 00eee TZ TSTG -55to+150 -55to+150 -55to+150 -55to+150 10) 

Temperature Range 
Maximum Lead Temperature for Soldering.............+. TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 20V, starting Ty = +25°C, L = 8.9mH, Rgs = 502, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK = 2.0%) See-higure 13: 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231R, IRFF232R, IRFF233R _ 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss _ | VGs=OV, Ip = 250pA 
IRFF230/232, IRFF230R/232R 


IRFF231/233, IRFF231R/233R | 


| ae 
[Gate ThresholdVoltage | Vasc |Wos=Ves p= 250"A_————~dT 20 | - | ao | v_ 
[Gate-Source LeakageFoward | lag |Vas=20v_ Sd ~~~ | | 100_| ma 


San a ones 


[Gate-Source Leakage Reverse | Iass|Vas=-20V Ss =~ d t0 | 
Zero Gate Voltage Drain Current Ipss__| Vos = Max Rating, Vgg = OV | - | = | 250 | pA | 
| Tg =+1259C 
On-State Drain Current (Note 2) ID(ON) Pees lt a 
IRFF230/231, IRFF230R/231R 
IRFF232/233, IRFF232R/233R i i 
Static Drain-Source On-State 'DS(ON) 


Resistance (Note 2) _ 
IRFF230/231, IRFF230R/231R 


IRFF232/233, IRFF232R/233R 


Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


Turn-On Delay Time | taion) | Vpp = 0.5BVps¢, Ip = 5.5A, Rg = 9.129. 30 
Sapo Wid nie iri [80 
. - are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) . | 50 | 
Falltime ae _ P40 
Total Gate Charge VGs = 10V, Ip = 5.5A, Vps = 0.8 Max 19 nc 
(Gate-Source + Gate-Drain) | Rating. See Figure 17 for test circuit. . 
Gate-Source Charge I Gano (Gate charge is essentially independent of rT - | 10 | - | «Cc | 


: operating temperature. 
Gate-Drain (‘‘Miller”) Charge | Qgq | . uo 


Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
5.0mm (0.2 in.) - 
from header 

to center of 

die. . 
Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 


ig ees 


Source Drain Diode Ratings and Characteristics 


Internal Source Inductance 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse is 
(Body Diode) (Note 3) P-N junc. rectifier. 


[Diode Forward Voltage Note2) | Vap | Ty=#25°G,Ig=55AVag-ov | - | - | 20 | v_| 
fReverseRecoveryTime |__| Ty= ¥1509G, Ir =5.5A dig/dt = 1000/15 _ a 
[Reverse Recovered Charge | _QRR_| Ty= ¥150C,Ip=5.5A, dip/at = 100A/u5 _| 

Forward Turn-on Time _ Intrinsic turn-on time is negligible. Turn-on 
Lens speed is substantially controlled by Lg +Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 20V, starting Ty = +25°C, © 
2. Pulse Test: Pulse width < 300ys, junction temperature. See Transient Thermal L = 8.9mH, Res = 502, IpeEAK = 5.5A. (See 


. S 


Duty Cycle < 2% Impedance Curve (Figure 5). Figure 15.) 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231R, IRFF232R, IRFF233R 


Ip, ORAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) 


Zinyc(t/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


20 


Fig. 1 - Typical output characteristics. 
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=e) 
= 
1p, ORAIN CURRENT (AMPERES) 


4V 
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Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF237R, IRFF232R, IRFF233R 


Fig. 6 - Typical transconductance vs. drain current. 


BV pss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 


C, CAPACITANCE (pF) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Gis. TRANSCONDUCTANCE (SIEMENS) 


Vos > !o(on) * ROS(on) max. 


80 ws PULSE TEST 
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eh a od 
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Ty, JUNCTION TEMPE RATURE (0C) 


Fig. 8 - Breakdown voltage vs. temperature. 
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Ipr, REVERSE DRAIN CURRENT (AMPERES) 


Vsp. SOURCE-TO-DRAIN VOLTAGE (VO LTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


N-TO-SOURCE ON RESISTANCE 


(NORMALIZED) 


Rps(on). ORAI 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


Vps = 60V, F230, F232, 
F230R, F232R 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


0 8 16 24 32 40 
Qg. TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF2317R, IRFF232R, IRFF233R 
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IRFF233, 233 
IRFF233R, 233R 


IRFF230, 231 


IRFF230R, 231R 


Ip, ORAIN CURRENT (AMPERES) 


0.2 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
[=] 
> 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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Ip, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (°C) 


Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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VARY tp TO OBTAIN 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


REQUIRED PEAK I, 


Res 


bez DUT 
Vas> 10V t Ves= 10V 


N-CHANNEL 
POWER MOSFETs 


I 


E1= 0.5BVpss Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 
(ISOLATED 


SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V ne 
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2 ne 


DUT 


ie a Rg + 


PULSE WIDTH < 1S p | | {1.5m 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L Ip CURRENT 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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HARRIS 


up 


IRFF310/311/312/313 


IRFF310R/311R/312R/313R 


August 1991 


Features 

e 1.35A and 1.15A, 350V - 400V 

® (DS(on) = 3-62 and 5.02 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFF310, IRFF311, IRFF312, and IRFF313 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF310R, IRFF311R, IRFF312R, and IRFF313R 
types are advanced power MOSFETs designed, tested, and 


_(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +259C to +150°C. 

2. Pulse Test: Pulse width < 300yus, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-205AF 


SOURCE GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF310 IRFF311 IRFF312 IRFF313 
IRFF310R IRFF311R IRFF312R IRFF313R UNITS 
Drain-Source Voltage (1) 0... .. cece cece weet ee neeees Vps 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kKD)(1).... cece eee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

TOA SOC ii tisvovecamsdeuteieteameaneeenenain Ip 1.35 1.35 1.15 1.15 A 
Pulsed Drain Current (3) ...... cece cece cece eer eneeceeee IDM 5.5 5.5 4.5 4.5 A 
Gate-Source Voltage .......cc cece ccccevevncncesves Ves +20 +20 +20 +20 V 
Maximum Power Dissipation . 

TGS 259G sea cca ew al oacsetem cea ire iiecaaes Pp 15 15 15 15 Ww 
Linear Derating Factor.......ccsccccescesccccencscvcsccece 0.12 0.12 0.12 0.12 W/9C 
Inductive Current, Clamped ......... cece cece eee eens ILM 5.5 5.5 4.5 4.5 A 

(See Figure 14, L = 100uH) 

Single Pulse Avalanche Energy Rating (4)...........05- Eas* 150 150 150 150 mJ 

Operating and Storage Junction ......... 0.0 eens Ty, TsTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 °C 


4. Vop = 40V, starting Ty = +25°C, L = 44.89mH, Res = 500, 
IPEAK = 1.35A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311R, IRFF372R, IRFF313R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_|Vas=OV, Ip = 250pA 
IRFF310/31 2, IRFF310R/312R 


IRFF311/313, IRFF311R/313R 


Vps=Ves, Ip = 250HA Ge 
[Gate-SourceLeakageFonward | Igss [Vas=20V_ SCS - | | 100 
[=| =100_ [na] 


Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV i ee oe ee 
Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Tq =+1259C 


ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgg = 10V 
IRFF310/311, IRFF310R/311R 


TDS(ON) | VGS = 10V, Ip = 0.8A 
3.3 ; 
IRFF31 2/313, IRFF312R/313R 


Forward Transconductance (Note 2) Vps > IDION) X (DS(ON) Max Ip = 0.8A | o5 | 12 | - | SU) 
Input Capacitance Ciss o =1. | - | pF | 


7 
pwn [ave wax | unirs 


On-State Drain Current (Note 2) 
IRFF310/311, IRFF310R/311R 
IRFF31 2/313, IRFF312R/313R 


Static Drain-Source On-State 
Resistance (Note 2) 


Output Capacitance Coss | =| 

Reverse Transfer Capacitance Crss | - | 80 | 

Turn-On Delay Time Ttaony |Vop=058Vps5,p=135\Rq=0in | - | 30 | 10 | ns__ 

Rise Time t See Figure 16. (MOSFET switching times 10 20 fd 
Pe aavitdeccentoeceaing. (ese hy Oe ie ee a fs 
Turn-Off Delay Time ta(OFF)_| temperature) 7 Pp = | 50 | 10 | ns zo 

; =z 

Fall Time | - | eo {| 15 | wn | |e 
Total Gate Charge V@s = 10V, Ip = 1.35A, Vps = 0.8 Max 7.5 nC ao & 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. ae = 
Gate-Source Charge (Gate charge is essentially independent of 3.0 nC =) 
|Gate-Source Charge | Qs erating temperature) p> | 30 | = ft = 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


| Qgd | 
Lp Measured from Modified MOSFET nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 9 D 
die. 
Ls Measured from the 15 
source lead, 5.Omm : 
(0.2”) from 
header to source 
bonding pad. 
Junction-to-Case Ric | 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Pulse Source Current 
Ty = +259C, Is = 1.35A, Vag = OV 


[= _|-333_| om 


ae 
ca BR Nal 


(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 


VSD 
ter 


Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +1509C, Ip = 1.35A, di¢/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


ISM 
Reverse Recovery Time | tre =| Ty = +1509C, Ip = 1.35A, di¢/dt = 100A/p1s 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300uns, reas eae ss on Thermal ee = 502, IpeaK = 1.35A. 
Duty Cycle < 2% mpedance Curve (Figure 5). 9 
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IRFF3170, IRFF311, IRFF312, IRFF313 IRFF370R, IRFF317R, IRFF312R, IRFF313R 


Ip, ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. | Fig. 4 - Maximum safe operating area. 


; Ran) ieee 
Ae ee Be 
10 Osa el ial 
art eee es eee Gas est SH mee ce ee em OGS SHS We Oo er 
ee ee ie 
0.5 a ad 
SRA Se EL ee HOS: ae oe ee paid = ane 


Eacindl 

=_ a ot OE 

an — =n — 

ee a nie 

Cee aoe. ell 

j Co —_wmG08linm LT TT 
La | | | 


Znsc(t/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
Oo 
nN 


" a= << a = 
© Gane GE Gee wee 

: ae A © Gee ae ED =es 

0.05 eee Boa pase iean da 
mare eonteteer tt tert ttt eet hake ee 

002 aT er SINGLE PULSE (TRANSIENT asst eee Baill 2. PER UNIT BASE = Rinjc = 8.33 DEG. C/W 
Peer TT TT THERMAL IMPEDANCE) ae Ga See eee ey 

aro CE TIE Te Pom 2 


19-5 2 5 10-4 2 5 10-3 2 5 10-2 2 | 5 107! 2 5 1.0 2 5 10 
ty. SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF31 0, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF317R, IRFF312R, IRFF313R 
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Fig. 6 - Typical transconductance vs. drain current. 


BV pgs, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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ei 
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Coo 


ior. REVERSE DRAIN CURRENT (AMPERES) 


Vsp, SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


N-CHANNEL 
POWER MOSFETs 


RoS(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


I I 
Vps = 160V, IRFF310, 312 
IRFF310R, 312R 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


0 2 4 6 8 10 
Qg TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRFF3170, IRFF317, IRFF372, IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 


Rosion) MEASURED WITH CURRENT PULSE OF 


a 2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 

= EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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Figure 12 ~ Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
Vps 
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REQUIRED PEAK I, REQUIRED PEAK IL Res Von 
Vas = 10V o. Vgsg= 10V 
tp es= 10 tp 
Ie 
E, = 0.5BVpss Eo= 0.75 BVpss = 
Fig. 14a - Clamped Inductive Test Circuit : Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
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12V 10.2 AS DUT 
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PULSE WIDTH < 14S 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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i HARRIS IRFF320/321/322/323 
IRFF320R/321R/322R/323R_° 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
¢ 2.0A and 2.5A, 350V - 400V TO-205AF 
* TDS(on) = 1.89 and 2.52 


e Single Pulse Avalanche Energy Rated* 


ee a SOURCE GATE 
e SOA is Power-Dissipation Limited 0 
e Nanosecond Switching Speeds 5 
e Linear Transfer Characteristics chs; 


© High Input Impedance 


The IRFF320, IRFF321, IRFF322, and IRFF323 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFF320R, IRFF321R, IRFF322R, and IRFF323R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power. 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFF320 IRFF321 IRFF322 IRFF323 
IRFF320R IRFF321R IRFF322R IRFF323R UNITS 

Drain-Source Voltage (1) ..... cece eee e eee eeeeee Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20KD) (1)... . cc eee ee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

TOS 25°C ws orcakeen Shae ees sr envaiee dawned s ees Ip 2.5 2.5 2.0 2.0 A 
Pulsed Drain Current(S) <i cscok ssade wecaewes ene seeeess IDM 10 10 8.0 8.0 A 
Gate-Source Voltage .......ccccsec ces cccsscnsccvans Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

NOH HOSS Saks yale sasicee Nad ede dh ease ad nme eas Pp 20 20 20 20 W 
Linear Derating Factor.......ccccccscccccncsnncenscnceess 0.16 0.16 0.16 0.16 ~ W/9C 
Inductive Current, Clamped ........c cece cece eee eee nee ILM 10 10 8.0 8.0 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 100 100 100 100 mJ 
Operating and Storage Junction ........... eens Ty TSTG  —~55to+150 -55to+150 -55to+150 -55to+150 1 @) 

Temperature Range 

Maximum Lead Temperature for Soldering ..........2000: TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 40V, starting Ty = +25°C, L = 29.09mH, Rgs = 500, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK; = eS 208 Figure 15: 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 File Number 1890.1 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321R, IRFF322R, IRFF323R 


Electrical Characteristics To = +250C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC | SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss _ | VGs= OV, Ip = 250uA 
IRFF320/322, IRFF320R/322R 


IRFF321/323, IRFF321R/323R 


(Geiser aieca =< aaa cena ee 
(Guie-couceleuagerommee egg WWaseewv = ee oo a 
(Gale-Gouroo Leakage Reverse [logs [Vas=-20 = 100 na 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | = “| = | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
To =+1259C 


On-State Drain Current (Note 2) 
IRFF 320/321, IRFF320R/321R 


ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgg = 10V 


ra 


IRFF322/323, IRFF322R/323R pos {| - [a 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 1.25A 
Resistance (Note 2) 

IRFF320/321, IRFF320R/321R 1.5 1.8 


IAFFO22/909, AFFSZAR/O2OR ssa 
Forward Transconductance (Note 2) Vps>ID(ON) X'DS(ON) Max: Ip =1.25A | 1.0 | 20 | - | S&) 


Input Capacitance Ciss 

Output Capacitance Coss 

Reverse Transfer Capacitance Crss 

Turn- On Delay Time | taion) | Vpop 
Slee ee 

- are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
Fall Time | te | 


Total Gate Charge VGs = 10V, Ip = 2.5A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge C Ong (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (‘‘Miller”) Charge i ? ‘ ) 


eee 
hee 
Ls 
za 
eee 
eed 
See 
ea 
Sad pe 
Internal Drain Inductance Lp Measured from Modified MOSFET 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 9D 
die. 
eee 


= 
oO 
Oo 

TO 


fe) 
oO si|si5 i xe] xe) 
= oO ni n/n 


~0.5BVpsS Ip = 2.5A, RG = 9.19 


_ 


ie) 


'@) 


ps 


_ 
On 


Internal Source Inductance Ls | Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 


bonding pad. 


Tunction-to-Oase Rac pees einer 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


oh 
eas 
eal] >| > 


Diode Forward Voltage (Note2) | Vsp__ | Ty=+25°C, Is = 2.5A, VGg = OV 2 
Reverse Recovery Time Ty = +150°C, Ip =2.5A,di¢/dt=100A/is | - | 450 | - | 
Reverse Recovered Charge | Qpar | Ty=+150°C, Ip =2.5A,dig/dt=100A/us | - | 31 | - | — 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, aah peal Salen ste cial Thermal eal eae es = 502, Ipeak = 2.5A. 
Duty Cycle < 2% pe ane 7 igu p 9 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321R, IRFF322R, IRFF323R 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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Fig. 


BVoss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 


C, CAPACITANCE (pF) 


Fig. 


ats. TRANSCONOUCTANCE (SIEMENS) 
w 
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Ip. ORAIN CURRENT (AMPERES) 


6 - Typical transconductance vs. drain current. 
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Ion. REVERSE ORAIN CURRENT (AMPERES) 
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Von, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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g. 9 - Normalized on-resistance vs. temperature. 
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Vos = 320V 
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Ip = 5A 
FOR TEST CIRCUIT 
SEE FIGURE 17 
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Og. TOTAL GATE CHARGE (nC) 


10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321R, IRFF322R, IRFF323R 


Rps(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 259C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


IRFF320, 321 
IRFF320R, 321R 
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Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 


Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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REQUIRED PEAK I, R ” 
2 
Vag = 10V DUT a) 
GS tp <= 
~ oo 
2 wi 
I z= 
E, = 0.5BVpsg Ec= 0.75 BVpss ms =a 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
os TYPE 
12V |0.2 AS DUT 
BATTERY '}F 
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PULSE WIDTH < 1S I _ | ies 
DUTY FACTOR < 0.1% , -Vps 
ig CURRENT —— Ip CURRENT 
SAMPLING RESISTOR “~~ SAMPUNG RESISTOR 
Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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i HARRIS IRFF330/331/332/333 
_ IRFF330R/331R/332R/333R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features | Package 
TO-205AF 
e 3.0A and 3.5A, 350V - 400V os 
* rDS(on) = 1-02 and 1.50 
e Single Pulse Avalanche Energy Rated* GATE 
. es Se SOURCE 
¢ SOA is Power-Dissipation Limited 0 
* Nanosecond Switching Speeds a 
e Linear Transfer Characteristics DRAIN 
(CASE) 
¢ High Input Impedance 
Description 
The IRFF330, IRFF331, IRFF332, and IRFF333 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF330R, IRFF331R, IRFF332R, and IRFF333R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low Ps 
Profile TO-39) metal package. . 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
| IRFF330 IRFF331 IRFF332 IRFF333 
IRFF330R IRFF331R IRFF332R IRFF333R UNITS 

Drain-Source Voltage (1) ...... cece ccc s cence ew cecees Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kKN) (1)... cece ee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

TOS 4259C i ocburicenduas chee vehudee ad eaenaeaens Ip 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current (3) ..... ccc cence nee cect eeceenes loM 14 14 12 12 A 
Gate-Source Voltage ........ccccsccccccececsecscens Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +259C ...... Siee SOUS Se MARGE RoE Soe iD Pp 25 25 25 25 W 
Linear Derating Factor......... ccc cc cecccuccerecscececees 0.2 0.2 0.2 0.2 W/9C 
Inductive Current, Clamped ......... ccc cece ere eneeees ILM 14 14 12 12 A 

(See Figure 14, L = 100p1H) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 300 300 300 300 mJ 
Operating and Storage Junction ............05000- Ty TSTG -55to+150 -55to+150 -55to+150 -55to +150 oC 
Temperature Range . 
Maximum Lead Temperature for Soldering ............06- TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +1509C. 4. Vpp = SOV, starting Ty = +259C, L = 42.85mH, Res = 25N, 
2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. PEAK msn See Figure 1: 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1893.1 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF3317R, IRFF332R, IRFF333R 


Electrical Characteristics Tc = +259C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| VGs= OV, Ip = 250yuA 
IRFF330/332, IRFF330R/332R 


IRFF331/333, IRFF331R/333R 


| 350 
[Gate Treshoid Votlage | Vasginy [Vos = Vas b= 281A 20 a 
'Gate-Source Leakage Foward | lass [Vas=20v = 100 [a 
Gate-Source Lealage Reverse | Igss[Vas=-200 100 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV } = | - [| 250 |] pA | 


Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
To = +1259C : 


Ha a wns 


On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max, Vgg = 10V 
IRFF330/331, IRFF330R/331R 3.5 A 
IRFF332/333, IRFF332R/333R 30 | - | - | A 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 2.0A 
Resistance (Note 2) 
IRFF330/331, IRFF330R/331R 1.0 n 
IAFFS32/6G, IRFFGS2R/S33R | ope a | 
Forward Transconductance (Note 2) Vps > IDION) X (DS(ON) Max !p = 2.0A ae Ee eee 
Vs = OV, Vps = 25V, f= 1.0MHz P= [roo [= | pr 
une cea Ee ae a 
ee ee ee ae 
Turn-On Delay Time Pio [Yon= 17evip=ssaRGsata [= [30 [ns . 
Rise Ti t : 35 
Turn-Off Delay Time td(OFF)_| temperature) ee 02s ns | a2 
Fall Time P- | - [3 [os | |e 
Total Gate Charge VGS = 10V, Ip = 3.5A, Vpg = 0.8 Max 18 30 nC oO 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. z= 
Gate-Source Charge SS en eal ecm ye 
Gate-Drain ("Miller") Charge se aiake a ee ee 


Internal Drain Inductance Modified MOSFET 


symbol showing the 


Measured from 
the drain lead, 


5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 


die. 
Measured from the 
source lead, 5.0mm 


Internal Source Inductance 


(0.2”) from 
header to source 
bonding pad. 
Junction-to-Case Ryo {| —“C—sCSCCCidC 


Modified MOSFET D 
symbol showing the 
Pulse Source Current | integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
Ss 


Ty = +259, Is =3.5A, Vgg = OV 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time Ty = +1509C, Ir =3.5A, di¢/dt = 100A/ys 


Reverse Recovered Charge Ty = +1509C, Ip = 3.5A, dig/dt = 100A/ps 


Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Répetitive Rating: Pulse width limited by max. 4. Vpp = SOV, starting Ty = +259C, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal L = 42.85mH, Res = 25N, IpeaK = 3.5A. 


Duty Cycle < 2% Impedance mune (Figure 5). (See Figure 15.) 


4-457 


IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF337R, IRFF332R, IRFF333R 
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a Fig. 2 - Typical transfer characteristics. 
Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF331R, IRFF332R, IRFF333R 


gfs. TRANSCONDUCTANCE (SIEMENS) 


Vos > 'p(on) * Ros(on) max. 


! 
PC eet 
2 8 1 


Ip. ORAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 


Ciss = Cog + Cog, Cay SHORTED 
Cres * Cog 

Cys Cog 
Coss = Cys + Te * Cod 


= Cag + Coy 
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C, CAPACITANCE (pF) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 


(NORMALIZED) 


Ros(on). DRAIN TO-SOURCE ON RESISTANCE 


-40 0 40 80 120 160 
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9 - Normalized on-resistance vs. temperature. 


Vos. GATE TO SOURCE VOLTAGE (VOLTS) 


Ip = 7A 
FOR TEST CIRCUIT 
SEE FIGURE 17 
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Qy. TOTAL GATE CHARGE (nC) 


11 - Typical gate charge vs. gate-to-source voltage. 
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Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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VARY tp TO OBTAIN 
REQUIRED PEAK IL 
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Vag = 10V DUT 
i 
E; = 0.5BVpss Ec= 0.75 BVpss ks 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b ~ Unclamped Energy Waveforms 
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AS DUT 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% -Vps 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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a? HARRIS IRFF420/421/422/423 
_ IRFF420R/421R/422R/423R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
° 1.4A and 1.6A, 450V - 500V 
bd DS(on) = 3.02 and 4.002 


TO-205AF 


e Single Pulse Avalanche Energy Rated* GATE 
: eee 2 SOURCE 
e SOA is Power-Dissipation Limited 5 
e Nanosecond Switching Speeds D 
e Linear Transfer Characteristics DRAIN 
(CASE) 
¢ High Input Impedance 
Description 
The IRFF420, IRFF421, IRFF422, and IRFF423 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF420R, IRFF421R, IRFF422R, and IRFF423R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and “ 
guaranteed to withstand a specified level of energy in the D od ti 
breakdown avalanche mode of operation. All of these power = 2 
MOSFETs are designed for applications such as switching <= = 
regulators, switching converters, motor drivers, relay drivers, © cr 
and drivers for high-power bipolar switching transistors G z = 
requiring high speed and low gate-drive power. These types o. 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF420 IRFF421 IRFF422 IRFF423 
IRFF420R IRFF421R IRFF422R IRFF423R UNITS 

Drain-Source Voltage (1) 2.0... cece eee eee eee eee ees Vos 500 450 500 450 V 
Drain-Gate Voltage (RGg = 20kKM) (1)........ eee ee ee VDGR 500 450 500 450 Vv 
Continuous Drain Current 

TGS 25°C was vou ant oon anetensadewiaiearensoies ID 1.6 1.6 1.4 1.4 A 
Pulsed Drain Current(S): cic cc cies ie ciieaces sesesewes lDM 6.5 6.5 5.5 5.5 A 
Gate-Source VONage ois c icc iecoe sis eseveswesswens Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

NOH 428 0G erie ein iewis bai edwee aaa nee estan Pp 20 20 20 20 WwW 
Linear Derating Factor oc icscced eas see essen xcneweb anes ee ee 0.16 0.16 0.16 0.16 W/°C 
Inductive Current, Clamped ......... ccc eee nec eeeeneeee ILM 6.5 6.5 5.5 3.5 A 

(See Figure 14, L = 100p1H) 
Single Pulse Avalanche Energy Rating (4)...... iteae-e we Eas* 210 210 210 210 mJ 
Operating and Storage Junction ..............665- Ty TSTG —55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ..........0.008% TL 300 300 300 300 OC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. | 4. Vpp = 50V, starting Ty = +25°C, L = 143.5mH, Reg = 252, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 1A, See Figures. 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 891 1 


Copyright © Harris Corporation 1991 
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IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF427R, IRFF422R, IRFF423R 


_ Electrical Characteristics. To= +2506, Unless Otherwise Specified 


Drain-Source Breakdown Voltage 
IRFF420/422, IRFF420R/422R 


Gate Threshold Voltage Vaschr) | Vos =Vas: Ip = 2 
Gate-Source Leakage Forward less |VGg=20V 


Gate-Source Leakage Reverse . 
Ipss Vps = Max Rating, Vgs = OV 
Vps = Max Rating x 0.8, Ves = OV, 
To =+1259C 


50uA 


E 
© 
1) 
3 
> 


> 


On-State Drain Current (Note 2) 
IRFF420/421, IRFF420R/421R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF 420/421, IRFF420R/421R 


° 
oO 
oOo 


30 | 40 | a_| 
Forward Transconductance (Note 2) Vps > ID(ON) X (DS(ON) Max: !p = 1.0A 10 | 175 | - | SU) 
Input Capacitance [_Giss_|Ve a Ee 
Output Capacitance Coss r- | 7s | - | 
Reverse Transfer Capacitance Crss | - | 20 | - | pF | 
Turn-On Delay Time tion) |Vop~0.5BVpss,lp=1.6A,RG=919 [| - | 30 | 60 | ns | 
Rise Tim t See Figure 16. (MOSFET switching times 5 
Tumn-Off Delay Time tOFF)_| temperature) P= | 30 | 60 | ns __ 
Fall Time a 
Total Gate Charge VGs = 10V, Ip = 1.6A, Vps = 0.8 Max 11 15 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

te- h ; (Gate charge is essentially independent of nc 
Gate-Drain ("Miller") Charge P= 4o [= [nc 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 
Measured from the 
source lead, 5.0mm 
(0.2”) from 

header to source 


bonding pad. 
Junction-to-Case Resc 


Source Drain Diode Ratings and Characteristics © 


. | Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Source Current ISM 
Ty= #2500, 1g=16A,Vag=0V eae (RE 


internal Drain Inductance 


Internal Source Inductance 


| gd 


(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) . 


VSD 


a an oi ce nee a P= [os 
[Reverse Recovered Charge | ORR | Ty= +1509C,Ip=1.6A, dip/dt= 100A/us _| a 
Forward Turn-on Time ton | Intrinsic turn-on time is negligible. Turn-on 
ponekrnaes: = Ak sen speed is substantially controlled by Lg + Lp. _- 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, starting Ty = +25°C, 

2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal L = 143.5mH, R@s = 252, IpEAK = 1.6A. 


Duty Cycle < 2% Impedance Curve (Figure 5). (See Figure 15.) 
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IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF421R, IRFF422R, IRFF423R 


ip. DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 50 100 150 200 250 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. 
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Zinc (t)/Rengc. NORMALIZED EFFECTIVE TRANSIENT 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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POWER MOSFETs 


IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF421R, IRFF422R, IRFF423R 


4. TRANSCONDUCTANCE (SIEMANS) 


Ip, ORAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


BVoss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


120 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage vs. temperature. 


C, CAPACITANCE (pF) 


0 10 20 30 40 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Ipn. REVERSE DRAIN CURRENT (AMPERES) 


1. 


Fig. 


Fig. 


Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 


Rs (on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
be 


ane a 
pC eter (ee Da es ee 
ee 2 ee eae ee ee ee a 

0 1 2 3 4 


Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


7 - Typical source-drain diode forward voltage. 
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-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 17 


0 4 8 12 16 20 
Oy, TOTAL GATE CHARGE (nC) 


11 - Typical gate charge vs. gate-to-source voltage. 


IRFF420, IRFF421, IRFF422, IRFF423 _IRFF420R, IRFF421R, IRFF422R, IRFF423R . 
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2 RS eRATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL) 
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Ig, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vps 


VARY tp TO OBTAIN VARY tp TO OBTAIN 


IL 


REQUIRED PEAK IL REQUIRED PEAK IL Res Vpp 2 
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DUT Za 

Ves= 10V Vgs= 10V <= 
p t == 

p a & 
! 

= 

=o 

a. 


Ey = 0.5 BVpss Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
ct TYPE 
12V |0.2 AS DUT 
Rp BATTERY | }LF 
Vps 
DUT 
Rg + 
Vgs= 10V ~ Yop 


PULSE WIDTH < 14.58 F i = | | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT Ip CURRENT 
SAMPLING RESISTOR ~ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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~? HARRIS 


IRFF430/431/432/433 


IRFF430R/431R/432R/433R 


August 1991 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


Features | 
e 2.25A and 2.75A, 450V - 500V TO-205AF 
* rpS(on) = 1.52 and 2.0 
¢ Single Pulse Avalanche Energy Rated* 
SOURCE GATE 


e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds | 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFF430, IRFF431, IRFF432, and IRFF433 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF430R, IRFF431R, IRFF432R, and IRFF433R 
types are advanced power MOSFETs designed, tested, and 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF ow S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (To = +25°9C), Unless Otherwise Specified 
IRFF430 IRFF431 IRFF432 IRFF433 
IRFF430R IRFF431R IRFF432R IRFF433R UNITS 
Drain-Source Voltage (1) 2... cece eee cece eee ences Vos 500 450 500 450 V 
Drain-Gate Voltage (RGs = 20k) (1) See eedateeuGte ot VDGR 500 450 500 450 V 
Continuous Drain Current 
GOH 20° eno dien ati gatas ay ieee haandss Ip 2.75 2.75 2.25 2.25 A 
Pulsed Drain Current (3) ....... cece cece neve eeeeteeees IDM 11 11 9.0 9.0 A 
Gat@-Source Voltage oc ci i icc c ees ee eed ee eevee Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
WES 2 OCG cece cai ned are deaeuewr ener aaioets Pp 25 25 25 25 WwW 
Linear Derating Factor cocuccs oe ewitee cece Bateaeceewaseses 0.2 0.2 0.2 0.2 W/9C 
Inductive Current, Clamped ............ cece eeeeeeeeee ILM 11 11 9.0 9.0 A 
(See Figure 14, L = 100p1H) 
Single Pulse Avalanche Energy Rating (4)...........06. Eas* 300 300 300 300 mJ 
Operating and Storage Junction ..............0085 Ty, TsTG ~55to+150 -55to+150 -55to+150 -55t0+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ee er een TL 300 300 300 300 OC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 69.42, Rgs = 500, 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. PERI CT Oe gue To: 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be ees 1 894 1 


File Number 
Copyright © Harris Corporation 1991 ~ 
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IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL | — TEST CONDITIONS 


Twin [ typ | waX_| units 


Drain-Source Breakdown Voltage BVpss’_ | VGs= OV, Ip = 250nA 
IRFF 430/432, IRFF430R/432R Vv 
IRFF4G1/4G3, IRFFAGIR/AGIR ee a 
Gate Threshold Voltage VasctH) | Vos =Vas; Ip = 250A | 20 | - | 40 | Vv | 


[Gate-Source Leakage Forward | less |Vas=20V_ SSCS «dd 100 


Gate-Source Leakage Reverse lass |VGg=-20V | = {| - | -100 [| nA | 
Zero Gate Voltage Drain Current Ipss__ | Vps = Max Rating, Vgg = OV i ee ee ee 
Vps = Max Rating x 0.8, Ves = OV, 

To = +1250 


On-State Drain Current (Note 2) 
IRFF430/431, IRFF430R/431R 
IRFF 432/433, IRFF432R/433R 


Static Drain-Source On-State 


ID(ON) | YDS > !D(ON) X (DS(ON) Max, Vgg = 10V 
Resistance (Note 2) 
IRFF430/431, IRFF430R/431R 


TDS(ON) | VGS = 10V, Ip =1.5A 
1.3 1.5 Q 
IRFF432/433, IRFF432R/433R : 


| Forward Transconductance (Note 2) |__gfs__| Vos > ID(ON) X TDS(ON) Max !p = 1.54 

Vas = 0V, Vpg = 25V, f= 1.0MHZ 

Secingire 10 

fTurn-OnDelayTime ———*|*taON) 

Rise Time 
t 


Fall Time 


Total Gate Charge ie VGs = 10V, Ip = 2.75A, Vps = 0.8 Max 


a bs 


Vop = 225V, Ip = 2.75A, Rg = 9.10 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


N-CHANNEL 
POWER MOSFETs 


(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


(Gate charge is essentially independent of 


operating temperature.) 


oer 
pee 
=o 
wee! 

Measured from Modified MOSFET 

the drain lead, symbol showing the 

5.0mm (0.2 in.) internal device 

from header inductances. 

to center of 9D 

die. 
asad 


| Qga | 
Lp 


Internal Source Inductance 


Ls Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. oS 


Tunetion-to-Gase 5 aa 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
G 
S 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Ty = +2596, Ig = 2.75A, Vag = OV 
Reverse Recovery Time ter Ty = +150°C, Ip = 2.75A, dig/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled byLs + Lp. 


Is 
ISM 
VSD 
Reverse Recovered Charge | QRR_ | Ty=+1500C, Ip = 2.75A, dif/dt = 100A/us 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 5OV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal l= 9.42mi, Res = 502, Ipeak = 2.75A. 
Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFF430, IRFF43 1, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 


6 
i ee 
i Vgs 2 50V 


80 us PULSE TEST Vos > '!p(on) * RoS(on) max. 


Ip. ORAIN CURRENT (AMPERES) 


Ip. URAIN CURRENT (AMPERES) 
w 


Vos GATE TOSOURCE VOLTAGE VOLTS: 


0 100 200 300 
Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) ; vo, 
Fig. 2 - Typical transfer characteristics. 


Fig. 1 - Typical output characteristics. 


430, 1 
430R, 1R 


ett tte 


Tc = 259C 
-t Ty = 150°C MAX. « 
Ringe = 5.0K W i 
SINGLE PULSE 


Ip, ORAIN CURRENT (AMPERES) 


19. ORAIN CURRENT ‘AMPERES! 


2 5 10 20 50 100 200 500 
Vos. DRAIN TO SOURCE VOLTAGE ‘VOLTS) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


Ss ——— tt — 
i a i ae 
Sa aa Siimensieenese=—— 


npn] pte 


L 1. DUTY FACTOR, D= v 


= 1s ane 
enna mt 
See GLE PULSE (TRANSIENT }— Soaniimamaniiiine 2. PER UNIT BASE = Renjc = 5.0 DEG. CW. 
tT TILL Aa ea ern fs 3. Tum = Te * Pom 2tnyclt 


01 
i a 5 107-4 2 5 10-3 2 5 10-2 2 5 10°) 2 5 10 2 5 10 
- ty, SQUARE WAVE PULSE DURATION (SECONDS) 


7 


Znsc(t/Ringc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 


Yfs. TRANSCONDUCTANCE (SIEMENS) 
lpg. REVERSE DRAIN CURRENT (AMPERES) 


Ip. ea CURRENT aes Vgp, SOURCE-TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


N-CHANNEL 
POWER MOSFETs 


Rps(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.85 


BV pss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


a 


120 160 ; 40 0 40 80 120 160 
“a5 idtieaigs TEMPE warded (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


a 
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= 
: gL | eet SY, 
S : 
yey 
< 
= bebd 
e3 oO 
< = WZ 
3 3 Y 
wo —] f 
7a=~.40n0nn 
s f= ae 
3 Ip = 6A 
FOR TEST CIRCUIT 
SEE FIGURE 17 
0 10 Tr 40 50 0 8 16 24 32 40 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Q,, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 


ApS{on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C, (HEATING 


@ EFFECT OF 2.0 us PULSE IS MINIMAL.) 
S 
w 2.4 
=) 
z a 
«< vs) 
g e IRFF430R, 331R 
5 VA fz = IRFF433, 333 
o ra IRFF433R, 333R 
5 5 
[=] x) 
2 z 12 
a = 
z 
= S 
« (=) 
& s 
3 0.6 
“” 
[=] 
- 

0 5 10 15 20 25 

Ip. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 

Figure 12 - Typical On-Resistance Vs. Drain Current — Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


Res 


Vas = 10Vp<— DUT 


ae 


E,= 0.5BVpss Ec= 0.75BVpss 


Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 
(ISOLATED 


SUPPLY) 


SAME 
TYPE — 
AS DUT 


CURRENT 
REGULATOR 


: 12v |0.2 
BATTERY |} 
o wife: 


DUT 


Re + 
Ves = 10V 


PULSE WIDTH < 1S : [ _ | 1.5mA 


DUTY FACTOR < 0.1% “Vos 
| IG CURRENT —L Ip CURRENT 
1 SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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a HARRIS IRFP140R, IRFP141R 
IRFP142R, IRFP143R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated 
Features Package 
~s TO-247 
e 27A and 31A, 80V - 100V TOP VIEW 
ad rDS(on) = 0.0772 and 0.0992 
DRAIN fT 9 
¢ Single Pulse Avalanche Energy Rated (TAB) ——_—> SOURCE 
e SOA is Power-Dissipation Limited L—» > DRAIN 
e¢ Nanosecond Switching Speeds o™ ———> GATE 


e Linear Transfer Characteristics 


e High Input Impedance 


Oescriptioi 


The IRFP140R, IRFP141R, IRFP142R, and IRFP143R are Terminal Diagram 
advanced power MOSFETs designed, tested and guaranteed 


to withstand a specified level of energy in the breakdown N-CHANNEL ENHANCEMENT MODE 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors D 


' designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 


IRFP140R IRFP141R IRFP142R IRFP143R UNITS 


Drain-Source Voltage (1) 1... ... cece eee e cece ees Vos 100 80 100 80 V 
Drain-Gate Voltage (Rq@s = 20kN) (1).............88. VDGR 100 80 100 80 V 
Continuous Drain Current 

TG R= A2O°G ote aaraeSisee ieee sh cieeegwns eee yes Ip 31 31 27 27 A 

LO SF 1000 G ie Necsus drdwadicenen eee ein teas’ Ip 22 22 19 19 A 
Pulsed Drain Current (3) ..... 0... c eee e eee e cece eee eeee IDM 120 120 110 110 A 
Gate~Source Voltage ....... cece cen ccn cece eeeeseece Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ; . 

TGS 25°C 6 wien cede einta hm Saxgnseaaeued ie laeet Pp 180 180 180 180 W 
Linear Derating FactOr......... cece ec eee e ccc e cece eee ceaes 1.2 1.2 1.2 1.2 W/9C 
Single Pulse Avalanche Energy Rating (4)............6.. Eas 100 100 100 100 mJ 
Operating and Storage Junction ..............006- Ty TSTG -55to+175 -55to+175 -55to+175 -55to+175 ie 

Temperature Range 
Maximum Lead Temperature for Soldering ............06. TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 25V, starting Ty = +25°C, L = 160pnH, Rgs = 500, 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. PEAK = St 260 PIQUIO®: TS ang lS: 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 20 8 6.1 


Copyright © Harris Corporation 1991 
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Specifications IRFP140R, IRFP141R, IRFP142R, IRFP143R 


Electrical Characteristics To = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250pA 
IRFP140R, IRFP142R 


IRFP141R, IRFP143R 


Gate Threshold Voltage Vascx) | Vos =Vas; |p = 250A 
Gate-Source Leakage Forward Iess |Vas=20V 
Gate-Source Leakage Reverse Ics Vas =-20V 


Zero Gate Voltage Drain Current Ipss 


Cwin_[ t¥P_| MAX_| uNtTs 


100 


A 


n 
> 


Vps = Max Rating, Vag = OV 


Vps = Max Rating x 0.8, Ves = OV, 
Ty = +1259C | 


Vps > ID(ON) X (DS(ON) Max, Veg = 10V 


= 


On-State Drain Current (Note 2) 
IRFP140R, IRFP141R 
IRFP142R, IRFP143R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP140R, IRFP141R 


IRFP142R, IRFP143R 


ats 
Giss_|Vas = OV, Vos = 25, f= 1 0H 
oss] Se Figure 10 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge . 0 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Nh 


© © 
(Fe) N 
ise) 


VGS = 10V, Ip = 19A 


=a 
o 
(eo) 
SJ 
NJ 


= 
ie 
N 
192) 


on 
oO 
E 


_ 
(e2) 
oO 


Vpop = SOV, Ip + 28A, Rg = 9.12, RD = 1.8N 
See Figure 16. (MOSFET switching times 

are essentially independent of operating 
temperature) 


Vas = 10V, Ip = 34A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


@ 
Q 


— wy] aa 
=~|O NOLO 


Q 


C 
nc 


3 


o no 
(@) S a sjs 


‘aa 


pe) Be & oOlo 
oa = D O f2 9° oD 
M jO aL 7) 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatis closer | internal device 

to source and gate inductances. 

pins and center 

of die. 


12.5 


Measured from the. 

source lead, 6mm 

(0.25”) from header 

and source bonding 

pad. oS 


Internal Source Inductance 


¢) 


Janction-to-Oase aa ane 
Case-to-Sink Mounting surface flat, smooth and greased OC/W 
Junction-to-Ambient RojA | Free air operation oC/w 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. G 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) : 


ce) 


| Ss 
Diode Forward Voltage (Note 2) . Vsp Ty = +259C, Is = 31A, VGsg = OV 
Reverse Recovery Time trr Ty = +2509C, IF = 28A, dif/dt = 100A/ps 70 300 


Ty = +259C, Ip = 28A, diF/dt = 100A/ys 


intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


Reverse Recovered Charge 


Forward Turn-on Time 


= 
Q) 


_ 
on 
Oo 


Q 
= 
oak 
a) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +259C, L = 160nH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 500, Ipeak = 31A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP140R, IRFP141R, IRFP142R, IRFP143R 


80ps PULSE TEST 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


10 20 30 40 50 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vg: GATE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


IRFP140R, 1R 


N-CHANNEL 
POWER MOSFETs: 


Ip, ORAIN CURRENT (AMPERES) 
Ip, DAAIN CURRENT (AMPERES) 


1.0 2.0 3.0 4.0 5.0 i 10 
Ng! <HHAAN= TOP SOURCE -YDETAGE, tVOLTS) Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
10 
1 ————— eee oe oe 
‘ So 3 


2 INGLE PULSE 
10° = sali [suai RESPONSE) £ ai on 


DUTY FACTOR, D=t,/to 


1073 Sac eee er maCii ee PEs (sou? Cthde 2: 3c 
4072 107° 1079 1076 0.4 4 10 


t,, RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (Zp jc) 
ro) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP140R, IRFP141R, IRFP142R, IRFP143R 


TRANSCONDUCTANCE (SIEMENS) 
Ip. REVERSE DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


DRAIN-TO-SOURCE ON RESISTANCE 
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IRFP140R, IRFP141R, IRFP142R, IRFP143R 


DRAIN-TO-SOURCE ON RESISTANCE 


mae 


Tp. ORAIN CURRENT (AMPERES) 
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FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
' TEMPERATURE 
bs 


” 
VARY tp TO OBTAIN a 
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FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
+ TYPE 
12V |0.2 AS DUT 
Rp BATTERY '}F 
sel 
Vps 
DUT 
RG + 
Ves = 10V VpD 


PULSE WIDTH < 1S 3 | | {15m 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT Ip CURRENT 
== SAMPLING RESISTOR ™ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS _ IRFP150/151/152/153 
IRFP150R/151R/152R/153R 


N-Channel Power MOSFETs 


August 1991 | : Avalanche Energy Rated* 
Features | Package 
TO-247 
e 34A and 40A, 60V - 100V TOP VIEW 


Ad DS(on) = 0.0552 and 0.089 
e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP150, IRFP151, IRFP152, and IRFP153 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFP150R, IRFP151R, IRFP152R, and IRFP153R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP150 IRFP151 IRFP152 IRFP153 
IRFP150R IRFP151R IRFP152R IRFP153R UNITS 

Drain-Source Voltage (1) ....... cece cece ec ee eee ee wees Vps 100 60 100 60 V 
Drain-Gate Voltage (RGS = 20K) (1)....... 2. eee eee VDGR 100 60 100 60 V 
Continuous Drain Current 

ROS eo C sed riwateesd naeacdmussgureeuceueeewes Ip 40 40 34 34 A 

TG B1OOSG oo atwsecca sc eeiene Bhd Sine hugs dame’ ID 26 26 22 22 A 
Pulsed Drain Current (3) ........ cc cee cece cece essences IDM 160 160 140 140 A 
Gate-Source Voltage .......ccccccccccevcceccacncens Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

RG = 2S schte Sineetoureerseh unk eared aise Pp 180 180 180 180 W 
Linear Derating Factor..... 0... cece c cc ccc ccc ececeneeces 1.44 1.44 1.44 | 1.44 W/9C 
Inductive Current, Clamped ..........cceeeee eee eeecees ILM 170 170 140 140 A 

(See Figure 14, L = 100pH) 
Single Pulse Avalanche Energy Rating (4)............6. Eas* 150 150 150 150 mJ 
Operating and Storage Junction ...........ee eee Ty TSTG ~55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: ; 
1. Ty = +25°C to +150°C. 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. Transient Themmekimpe dance CUtve eure. 

4. Vop = 10V, starting Ty = +25°C, L = 170nH, Res = 500, 
| = 40A. See Figure 15. 
* R Suffix Types Only eas 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 231 8.1 


Copyright © Harris Corporation 1991 
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IRFP150, IRFP157, IRFP152, IRFP153 IRFP150R, IRFP151R, IRFP152R, IRFP153R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
: CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP {| MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA 
IRFP150/152, IRFP150R/152R 100 V 
IAFP151/153, IRFPTSTA/ISGR Ceo | - | - |v_ 
Gate Threshold Voltage VasctH) | Vos =Vas; Ip = 250uA | 20 { - {| 40 | Vv | 
Gate-Source Leakage Forward less |Vas=20V | = { -  { 500 [ nA | 
Gate-Source Leakage Reverse lass. | Vqs=-20V | = {| -  { -500 | nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV | - | - | 250 
Vps = Max Rating x 0.8, Vas = OV, 1000 pA 
To =+1259C 
On-State Drain Current (Note 2) ID(ON) | YDS> !D(ON) X "DS(ON) Max: VGs = 10V 
IRFP150/151, IRFP150R/151R A 
IAFP152/153, IRFP1S2R/15GR a 
Static Drain-Source On-State IDS(ON) | VGS = 10V, Ip = 22A 
Resistance (Note 2) 
IRFP150/151, IRFP150R/151R 9) 
IRFP152/153, IRFP152R/153R | = | 006 | 008 | Q | 
Forward Transconductance (Note 2) Vps = 2x VGS, Ip = 20A | 13 { 20 [ - | &B) | 
Input Capacitance Ciss_ | Vas = OV, Vps = 25V, f = 1.0MHz | - | 2000 | - | pF | 
Output Capacitance Coss __| See Figure 10 | = {1000 | - | pF: | 
Reverse Transfer Capacitance Crss | = | 350 | = | pF 
Turn-On Delay Time Ttacony_| Vp = 50V; Ip = 40, Rg = 680 aS a 
Rise Time See Figure 16. (MOSFET switching times 140 210 2 
Ge siconteiy ndependchtotepecise: ¢ tad | 210 | ns | a fs 
Turn-Off Delay Time td(OFF temperature) | - | 60 | 89 | ns | = 2 
Fall Time fees) p= {| 90 | 140 | ns <= 
Total Gate Charge V&gs = 10V, Ip = 40A, Vps = 0.8 Max 70 nc wo & 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. > = 
Gate-Source Charge (Gate charge is essentially independent of ft ee nc ° 
eee operating temperature.) 
Gate-Drain (‘Miller’) Charge | = | 80 nc 


Internal Drain Inductance 


— 
= 
(oe) 
J 
<x 


center of die. 


Measured from the 

source lead, 6mm : 

(0.25”) from header 

and source bonding 

pad. ° 


Internal Source Inductance 


| Qgs 
| Qaqd 
Lp Measured between _ | Modified MOSFET 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center of 9 D 
Ls 
| Resc | 
| Recs _| 


Junction-to-Case Rouc P= =| 070 [eon 
Case-to-Sink Recs Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +259, Is = 40A, VGs = OV 
Ty = +259C, Ip = 40A, dip/dt = 100A/ys 
Ty = +259C, I = 40A, di¢/dt = 100A/us 0.41 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 10V, Start Ty = +259C, L = 170pH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Ras = 509, Ipeak = 40A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) ; 
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IRFP7150, IRFP1517, IRFP152,1RFP153 IRFP150R, IRFP1517R, IRFP152R, IRFP153R 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP150, IRFP1517, IRFP152, IRFP153 IRFP150R, IRFP151R, IRFP152R, IRFP153R 


TRANSCONDUCTANCE (SIEMENS) 


Ipq. REVERSE DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vep. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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(NORMAL IZED) 


, ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
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FOR TEST CIRCUIT 
SEE FIGURE 17 


1 2 ) 10 2 5 10¢ 0 30 60 90 120 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 


4-479 


ies Fa a 
Sea eee uae 


150 


N-CHANNEL 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


‘oy | _ Re 
Ves= 10V 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 
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FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE = 


a SAMPLING "RESISTOR 


Gi HARRIS 


IRFP240R, IRFP241R 


IRFP242R, IRFP243R 


August 1991 


Features 

e 18A and 20A, 200V - 150V 

* rDS(on) = 0.182 and 0.222 

¢ Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


The IRFP240R, IRFP241R, IRFP242R, and IRFP243R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as_ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Terminal Diagram 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


Package 


TO-247 
TOP VIEW 


N-CHANNEL ENHANCEMENT MODE 


D 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRFP240R 


Drain-Source Voltage (1) ............... Peri ere Vos 200 
Drain-Gate Voltage (RGS = 20kK92) (1)... eee eee eee VDGR 200 
Continuous Drain Current 

TG FeO a oie Maid ud ceed chad wae anew chee ied ID 20 

TES F100 PC i ROL ere eee hal ca tweens eeaeree ID 12 
Pulsed Drain Current(S) a. 'cet ions Saws cee eee eee eee es lp>M 80 
Gate=Source Voliage sasaa cas a risiea ee iemisine ess VGs +20 
Maximum Power Dissipation 

TG reo Gish oceans ene etter saws aaah Pp 150 
Linear Derating: Factor :xc beets cee ded dste woes Siete tus 1.2 
Single Pulse Avalanche Energy Rating (4).............6- Eas 510 
Operating and Storage Junction ............00000. Ty TSTG  -55to+150 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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IRFP241R IRFP242R IRFP243R UNITS 


150 200 150 V 
150 120 150 V 
20 18 18 A 
12 11 11 A 
80 72 72 A 
+20 +20 +20 V 
150 150 150 W 

1.2 1.2 1.2 W/9C 
510 510 510 mJ 
-55to+150 -55to+150 -55to+150 oC 


300 300 300 oC 


4. Vpp = SOV, starting Ty = +25°C, L = 1.9mH, Regs = 500, 
IPEAK = 20A. See Figures 14 and 15. 


File Number 2087.1 


Specifications IRFP240R, IRFP241R, IRFP242R, IRFP243R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


| | 
CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss__ | Vas= OV, Ip = 250nA ae ee ra 
IRFP240R, IRFP242R V 
IRFP241R, IRFP24SR mat -is0 [| - | - |v 

[Gate ThresholdVoltage | Vasc) [Vos=Vas, Ip=250uA_—=~S~*~—~C SSC SCY 
[Gate-SourceLeakageForward | lass |[Ves=20VSSSSSCSCSC~S dT (iY (100 | 
[Gate-Source LeakageReverse | lass |Vas=-20V SCS | = «dT ~~ 100 | 
Zero Gate Voltage Drain Current ak Vps = Max Rating, Vgs = OV | = [| = | 250 | pA | 
Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
rpstiesoePNesTO Te 


On-State Drain Current (Note 2) 
IRFP240R, IRFP241R 
IRFP242R, IRFP243R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP240R, IRFP241R 


IRFP242R, IRFP243R 


| = | 0.20 | y 
Forward Transconductance (Note 2) Vps > SOV, Ip = 11A | 73 [| 11 | - | Si) 
Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | = = | 1275 | - | pF 
Output Capacitance Coss __| See Figure 10 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time | ta(ON) | VoD = 100V, Ip = 18A, Rg = 9.19 
SSG ee eee ee ee 
- are essentially independent of operating 
- | Turn-Off Delay Time td(OFF temperature) 


TIT 
ny T 


© 


Ee 
— 

Ny nm 
“]] 


o 
© 
2 o 


: 
oO 


Fall Time 

Total Gate Charge Vas = 10V, Ip = 18A, Vps = 0.8 Max 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 2 

Gate-Source Charge : (Gate charge is essentially independent of 
Hat Ome OO as Oe cing anncrcnie) 

Gate-Drain (‘Miller’) Charge | Qga | 


Internal Drain Inductance Measured between 


Ri ®@ 
Ww] Oo 
Ss 


3 
2) 


= 
oO 


3 
) 


E 
ie) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


n 
the contact screw on 
header that is closer 
to source and gate 

pins and center 
of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


= 
nh 
16) 


Internal Source Inductance 


Recs Mounting surface flat, smooth and greased OC/W 
RJA 30_[ ecm 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Source Current 

(Body Diode) (Note 3) 

Diode Forward Voltage (Note 2) Ty = +250C, Ig = 18A, Vag = OV 
Reverse Recovery Time Ty = +2506, IF = 18A, di¢/dt = 100A/us 
Reverse Recovered Charge | QrrR_ | Ty=+250C, Ip = 18A, dig/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled byLs + Lp. 


= 
© 


_" 
a) 


NOTES: 1. Ty = +259C to +150°9C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +25°C, L = 1.9mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpeaK = 20A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP240R, IRFP2417R, IRFP242R, IRFP243R 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION . 
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IRFP240R, IRFP2417R, IRFP242R, IRFP243R 
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oe 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 


TEMPERATURE 
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panna 
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600 


Vgg. GATE-TO-SOURCE VOLTAGE *(VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


10 e 5 102 ) 12 24 36 48 60 


5 


Vpg- ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 


VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRFP240R, IRFP247R, IRFP242R, IRFP243R 


eC dee ea eee) 
| 


IRFP240, 241 
IRFP240R, 241R 


IRFP242, 243 
IRFP242R, 243R 


DRAIN-TO-SOURCE ON RESISTANCE 


Ip. DRAIN CURRENT (AMPERES) 


a 0.3 
Cc 
3 
(ep) 
o 
0.0 0 
0 15 30 45 60 75 25 50 75 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Te. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


wold 
Ves= 10V ; 
p 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


N-CHANNEL 
POWER MOSFETs 


+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
+ TYPE 
12V 10.2 AS DUT 
Rp BATTERY | }LF 
ae 


DUT 


h RG + 
Ves= 4 | ~ VDD 
PULSE WIDTH < 1S f | | {5m 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L Ip CURRENT | 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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iG HARRIS 


IRFP244, IRFP245 


IRFP246, IRFP247 


August 1991 


Features 

e 15A and 14A, 275V - 250V 

* rpS(on) = 0.282 and 0.342 

e Single Pulse Avalanche Energy Rated 

¢ SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

© 275V, 250V DC Rated - 120V AC Line System Operation 


Description 


The IRFP244, IRFP245, IRFP246, and IRFP247 are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 


~ N-Channel Power MOSFETs 
Avalanche Energy Rated 


Package 


TO-247 
TOP VIEW 


Terminal Diagram 
-N-CHANNEL ENHANCEMENT MODE 


D 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as_ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. | 
The IRFP types are supplied in the JEDEC TO-247 plastic > 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP244 IRFP245 IRFP246 IRFP247 UNITS 

Drain-Source Voltage (1) 2... ccc cece cece cence cece eees Vps 250 250 275 275 V 
Drain-Gate Voltage (R@g = 20kQ)(1)....... se eee eee VDGR 250 250 275 275 Vv 
Continuous Drain Current . 

MiG 25°C cise dcbicteed pan ea oancaneeatasweonws Ip 15 14 15 14 A 

TG 1000 here caeaccaigucicnsneuthumsuccust aces ID 9.7 8.8 9.7 8.8 A 
Pulsed Drain Current (3) ...... cece cee ee enc ceeeccececes IDM 60 56 60 56 A 
Gate-Source Voltage ......0.cccascenecsecccenscenes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation. 

“OG 428°C sc is ea ch ces eee ones iene .eiedaasie Pp 150 150 150 150 W 
Linear Derating Factor.........ccccccceccecccccecccecsees 1.2 1.2 1.2 1.2 W/°G 
Single Pulse Avalanche Energy Rating (4)...........ee8: Eas 550 550 550 - §50 mJ 
Operating and Storage Junction ...........cc cee Ty TSTG ~55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 
Maximum Lead Temperature for Soldering ...........008. TL 300 300 — 300 300 Te; 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. ; 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


4. Vop = SOV, starting Ty = +25°C, L = 4.0mH, Res = 250, 
IPEAK = 15A. See Figures 14 and 15. - 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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Specifications IRFP244, IRFP245, IRFP246, IRFP247 


Electrical Characteristics Tc = +25°0C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip = 250pA 
IRFP244, IRFP245 


IRFP246, IRFP247 


‘LIMITS 


Cain] TvP_[-Max_| units 
a 
[Gate Threshold Votlage | Vasqm |Vos=Ves p= 250A —=SC~—~dC=Ci CS 
[Gate-SourceLeakageFoward | loss |Ves=20V_ SCS dC 
[Gate-SourceLeakageReverse | lass _|Vas=-200———S YY 
ce 


Zero Gate Voitage Drain Current Ipss Vps = Max Rating, Vas = OV 


On-State Drain Current (Note 2) 
IRFP244, IRFP246 
IRFP245, IRFP247 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP244, IRFP246 


IRFP245, IRFP247 


Forward Transconductance (Note 2) 
Input Capacitance Ciss Vas = OV, Vps = 25V, f = 1.0MHz 
Output Capacitance Coss __| See Figure 10 

Reverse Transfer Capacitance Crss 
Turn-On Delay Time | ta(ON) | Vop = 125V, Ip = 15A, Rg = 9.12, 
ee ee 

- u are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature) 

Fall Time fete 


Total Gate Charge VGs = 10V, Ip = 15A, Vps = 0.8 Max 39 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge h Gyan 4 (Gate charge is essentially independent of 


operating temperature.) 


Gate-Drain (“Miller”) Charge | Qgd | 


@ 
Internal Drain Inductance 


Junction-to-Case Resc 
Case-to-Sink Recs _ | Mounting surface flat,smoothandgreased | - | 0.1 | - | °C/W | 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
6mm (0.25") 
from package 
to center of 
die. 
Measured from the 
source lead, 6mm 
(0.25”) from package 
to source bonding 
pad, 


oD 


Internal Source Inductance 


Continuous Source Current 


Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
Ss 
ptr 


Diode Forward Voltage (Note 2) = +259C, Ig = 15A, Vas = OV 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +2509C, Ip = 14A, dif/dt = 100A/us 


intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


Ty= ' = 
Ty = +259C, Ip = 14A, dif/dt = 100A/us 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 4.0mH, 
2. Pulse Test: Pulse width < 300ys, junction temperature. See Transient Thermal Res = 252, Ipeak = 15A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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N-CHANNEL 
POWER MOSFETs. 


IRFP244, IRFP245, IRFP246, IRFP247 
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o 25 50 75 100 125 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44104 


Ves, GATE-TO- acbnce VOLTAGE (VOLTS) 


92GS-44105 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


25] s0uS PULSE TEST 


OPERATION IN THIS AREA LIMITED 
BY Rps(on) 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43544 


92GS-44106 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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THERMAL RESPONSE (Z¢tnyc) 


1, DUTY FACTOR, D = ty/t2 
2. PEAK Ty = Pom x Zthuc + Tc 


ty, RECTANGULAR PULSE DURATION (SECONDS) 
92GS-44108 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRFP244, IRFP245, IRFP246, IRFP247 


91s, TRANSCONDUCTANCE (SIEMENS) 
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Ww 
c 
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ce) 5 10 15 20 25 
Ip, DRAIN CURRENT (AMPERES) ; Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
92GS-44109 92GS-44110 
Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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N-CHANNEL 
POWER MOSFETs 


(NORMALIZED) 


DRAIN-TO-SOURCE ON RESISTANCE 


BVpss, DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (NORMALIZED) 


Rps(on): 


-60 -40 -20 0 20 40 60 80 100 120 140 160 SOT ee One RO te OO, Oot oe nia, sam, TOO 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE ( C) 


92GS-44111 
92GS-44094 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Vos = OV, f= 1 MHz 
Crss = Cga 
Coss = Cds + Cgs Cgd/Cgs + Cga 


C, CAPACITANCE (pF) 
Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


1 2 5 10 20 50 100 : 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
92GS-44112 92GS-44113 
2 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFP244, IRFP245, IRFP246, IRFP247 
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Rps(on): DRAIN-TO-SOURCE ON RESISTANCE 
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ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs case temperature. 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


oh] 
Ves= 10V 
tp 


Fig. 14 - Unclamped energy test circuit. Fig. 15 - Unclamped energy waveforms. 


Res 


+Vps 
(ISOLATED 
SUPPLY) 
SAME 

TYPE 

AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
BATTERY '}4F 
ft oe 


vol | 
Vas= 10V 


PULSE WIDTH < 1S 


DUTY FACTOR < 0.1% -Vps 
Iq CURRENT —— Ip CURRENT 
SAMPLING RESISTOR “~ SAMPLING RESISTOR 
Fig. 16 -— Switching time test circuit. Fig. 17 - Gate charge test circuit. 


4-490 


i HARRIS IRFP250/251/252/253 
IRFP250R/251R/252R/253R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
e 27A and 33A, 150V - 200V 
* (DS(on) = 0.0852 and 0.1202 


TO-247 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* 


e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


® High Input Impedance 


Vesciiptidii 


The IRFP250, IRFP251, IRFP252, and IRFP253 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFP250R, IRFP251R, IRFP252R, and IRFP253R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 


N-CHANNEL 
POWER MOSFETs 


Absclute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP250 IRFP251 IRFP252 IRFP253 
IRFP250R IRFP251R IRFP252R IRFP253R UNITS 

Drain-Source Voltage (1) seciesasavaccease teas euvien Vps 200 150 200 150 V 
Drain-Gate Voltage (RGs = 20k) (1)............. ...VDGR 200 150 200 150 V 
Continuous Drain Current 

TGS HAS oad ie hisies ea ies oi SRP esa ea wee Ip 33 33 27 27 A 

NO F=IOOUG ocd tamhiveweeene pac syesee stadt avaaiesn Ip 21 21 17 17 A 
Pulsed Drain Current (S) ccc cca vigient scott sae ds ewes IDM 130 130 110 110 A 
Gate-Source Voltage .....cccccccccccsncescanecccees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TGS 420°C cAaesuseteiwnncwe i sanes awecesdoreas Pp 180 180 180 180 WwW 
Linéat Derating Factor a:i.sas cet coved ved seeniae inane soa 1.44 1.44 1.44 1.44 W/°C 
Inductive Current, Clamped ....... 2. ccc cece eect eee eeee ILM 120 120 100 100 A 

(See Figure 14, L = 100yH) 
Single Pulse Avalanche Energy Rating (4).............6. Eas* 810 810 810 810 mJ 
Operating and Storage Junction ........... 0c cee Ty TstG -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range © 

Maximum Lead Temperature for Soldering............++. TL 300 300 300 300 OC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 


Transient Thermal Impedance Curve (Figure 5). 
4. Vop = 50V, starting Ty = +25°C, L = 1.1mH, Res = 500, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


IPEAK = 33A. See Figure 15. 
* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2330.1 
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IRFP250, IRFP251, IRFP252,IRFP253 IRFP250R, IRFP251R, IRFP252R, IRFP253R 


Electrical Characteristics TC = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Ra ae ns 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip = 250A 
IRFP250/252, IRFP250R/252R V 
iRFP 251/250, IRFPOS1R/25GR | a a a 


[Gate Threshold Voltage | Vasa) |Vos=Vasip=250uk_——~S~—SY | SCPC 
[Gaie-SourceLeakageFoward | Igss |Vas=20V_——=—S~CS ~~ | | 500 | 
[Gato-Source Leakage Reverse | Igss_|Vas=-20V_—~———~«d | | 500 | na 


Zero Gate Voltage Drain Current 


Vps = Max Rating, Vas =OV [= [= [50a 


Vps = Max Rating x 0.8, Vgg = OV, 1000 HA 
To =+1259C 
re 


On-State Drain Current (Note 2) 
IRFP250/251, IRFP250R/251R 


IRFP252/253, IRFP252R/253R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP250/251, IRFP250R/251R 


IRFP252/253, IRFP252R/253R 


Forward Transconductance (Note 2) 
Input Capacitance 


ID(ON) 


VDs > ID(ON) X "DS(ON) Max VGs = 10V 


FDS(ON) 


VGS = 10V, Ip =17A 
0.07 0.085 Q 


VpS>50V, Ip = 17A ais ft | - [so 
Vas = OV, Vos = 25V, f = 1.0MHz 
See Figure10 — 


Vpp = 100V, Ip = 380A, Rg = 6.22 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Turn-Off Delay Time td(OFF 
Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


Vas = 10V, Ip = 30A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatiscloser | internal device 

to source and gate inductances. 

pins and center of 

center of die. 


Measured from the 

source lead, 6mm 

(0.25”) from header 

and source bonding 

pad. oS 


s___| Mounting surface flat, smooth and greased 


Raja | Free air operation 


rc 


Div FIOID!LG 
6 |e o u 19 fa = 0 1d | |@ 
ro) ZIM 1H |” 


Internal Source Inductance 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 

symbol showing the 

integral reverse 

P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Ig = 33A, Vag = OV 
Reverse Recovery Time ter Ty = +259C, Ip = 30A, dig/dt = 100A/us 
Reverse Recovered Charge = = 


Forward Turn-on Time 


.?) 


Continuous Source Current : 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


14 


= 
QO 


Ty = +259C, If = 30A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


mare 
© 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 5OV, Start Ty = +25°C, L = 1.1mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpeEAk = 334A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRFP250, IRFP251, IRFP252, IRFP253 IRFP250R, IRFP251R, IRFP252R, IRFP253R 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


: mmansl 
0) 2 


N-CHANNEL 
POWER MOSFETs 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP250, IRFP2517, IRFP252, [RFP253 IRFP250R, IRFP2517R, IRFP252R, IRFP253R 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
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C, CAPACITANCE (pF) 
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FOR TEST CIRCUIT 


| | SEE FIGURE 17 
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Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE . GATE-TO-SOURCE VOLTAGE 
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IRFP250, IRFP251, IRFP252, [IRFP253 IRFP250R, IRFP2517R, [IRFP252R, IRFP253R 
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is z IRFP252RA, 253R 
< é 
5 Q 
comm? A 
c 
x) 
Ww 
o 
0. 0 
0 25 50 75 100 125 25 50 75 100 125 150 
Ip. ORAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
Vos > 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


REQUIRED PEAK I, 


p tp 


I 


R@s 


N-CHANNEL 
_ POWER MOSFETs 


E,= O.5BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
TYPE 
12V |0.2 AS DUT 
Rp BATTERY '}4F 
Vps 
DUT 
h ReE + 
Vgs= 10V ~ Yop 


PULSE WIDTH < 1:5 P | -_ | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L- Ip CURRENT 
SAMPLING RESISTOR ~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i} HARRIS 


IRFP254, IRFP255 


IRFP256, [RFP257 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


August 1991 


Features 

e 21A and 23A, 250V and 275V 

® DS(on) = 0.142 and 0.172 

© Single Pulse Avalanche Energy Rated 

® SOA is Power-Dissipation Limited 

® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 

© 250V, 275V DC Rated - 120V AC Line System Operation 


Package 


TO-247 
TOP VIEW 


Description Terminal Diagram 
The IRFP254, IRFP255, IRFP256, and IRFP257 are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRFP types are supplied in the JEDEC TO-247 plastic 2 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP254 IRFP255 IRFP256 IRFP257 UNITS 

Drain-Source Voltage (1) .... 2. cece cece eee e neces Vps 250 250 275 275 V 
Drain-Gate Voltage (RGS = 20kK2) (1)... ... eee e ee eee VDGR 250 250 275 275 V 
Continuous Drain Current 

TGS FeOCS biviwais reser ew latter Asses reseed ens Ip 23 21 23 21 A 

TGF T0OSG Soctintel Seni war se Gu eta wuamemwenen eo tead ID 15 13 15 13 A 
Pulsed Drain Current (3) ..... cee cece cece ence eeneens IDM 92 84 92 84 A 
Gate-Source Voltage ....... eee eet e eee e eee eee eeeaes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Fo celts tas CR ee Ce en ee ee ee Pp 180 180 180 180 W 
Linear Derating Factor sia. iscs dane eiaawrowseey seers aes 1.44 1.44 1.44 1.44 W/9°C 
Single Pulse Avalanche Energy Rating (4)............... Eas 1000 1000 1000 1000 mJ 
Operating and Storage Junction .................. Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 50V, starting Ty = +25°C, L = 3.1mH, Res = 25N, 
2 P ; ; IPEAK = 234A. See Figures 14 and 15. 

. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2289.1 
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Specifications IRFP254, IRFP255, IRFP256, IRFP257 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss'_ | Vas = O”V, Ip = 250pA 
IRFP254, IRFP255 


IRFP256, IRFP257 | =| | ov | 
‘Games velco ——. vata [WoseVas gee eo | a 
[Gete-SourceLeakagerowerd | less [Vag=20v | _- | =] 500 ma 
Gate-Source Leakage Reverse | lass [Vas=-200 | =} =] =s00_ | “ma 

Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV | - | - | 250 | pA | 


Vps = Max Rating x 0.8, V@s = OV, 1000 HA 
To =+1259C 
23 A 


ea a ee 


VGs = 10V, Ip =13A 
O11 | 0.14 fo) 


On-State Drain Current (Note 2) 


ID(ON) 
IRFP254, IRFP256 


IRFP255, IRFP257 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP254, IRFP256 


'DS(ON) 


IRFP256, IRFP257 = [ora [or [vv _ 
Forward Transconductance (Note 2) fs Vps > 50V, Ip = 138A | at f 177 «J | SB) 
Input Capacitance Ciss_ | VGs= OV, Vps = 25V, f = 1.0MHz | - | 2700 | - | pF | 
Output Capacitance Oss pee aulete ee ee ee 
Reverse Transfer Capacitance RSS | = | 130 | 
Turn-On Delay Time Vpp = 125V, Ip = 23A, Rg = 6.22, | = = =6©[ 19 | 

ie ete Ie MOT enone: ye. seed 

- : are essentially independent of operating 

Turn- Off Delay Time temperature) a aoe 
Fall Time =| 35] 

Total Gate Charge Vas = 10V, Ip = 23A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


(Gate charge is essentially independent of 
operating temperature.) 


Gate-Source Charge 0 


Gate-Drain (“Miller”) Charge 


Measured from Modified MOSFET 


Interna! Drain Inductance 


- 
2) 


the drain lead, symbol showing the 
6mm (0.25”) — internal device 

from package inductances. 

to center of 9D 


die. 
Measured from the 
source lead, 6mm 
(0.25”) from package 
to source bonding 
pad. 


. e) 
wT 
m3) 


Internal Source Inductance 


oS 


¥ : | 


D 
ale 5 
Q) 


Tanaton-to-Oase ae aa Ce BS CS ON 
s__ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


ISM 


ae 
50 [ aro 650_[ ne 
[Reverse Recovered Gharge | Gan | 1y=#250G Ip = 0A, dlp/at=vooane | 19 [4 [ea | so 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on ia 

speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 3.1mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpeEAK = 23A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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N-CHANNEL 
POWER MOSFETs 


16 


| 


Ip. DRAIN CURRENT (AMPERES) 


Pa eee 
<a a as a 


ee ee ae ee ee ee 
<i GE Ses ae ee ee 
ES ESEGRED: 


IRFP254, IRFP255, IRFP256, IRFP257 


BOps PULSE TEST 


5.5V 


-Vgst0.0V 


Ip. ORAIN CURRENT (AMPERES) 


ait ie 
line 
Cc 


E 
= 


ae 
a 
= ae 
——— 
a 
| | i 


5 eH 
0 25 50 79 100 
Vos. ORAIN-TO-SOQURCE VOLTAGE (VOLTS) 


125 
Veg, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 


OPERATION IN THIS AREA LIMITED 
BY Rps (ON) wan 


ee eer peg a 

IRFP255, 257 frets i —}— tt 
mows inseam HCE 

IRFP256, 256 BPTI 1 t00 5 Hh 
PUTING TONAL TTT tT aT TT 


7S SS OS SL SS RE SEES GED OD a SS SF SS SE SE GD CE Se Sad coe GP 
r——) ae. o- te 


CONT 
EIS 
To =25°C 
Ty = 150°C 
SINGLE PULSE 


Ip. DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 
r=) 


9 1 * 5 1 ? 5 492 =? 5 403 
0.0 1.0 2.0 3.0 4.0 .0 
Vpg ORAIN-TO-SOURCE VOLTAGE (VOLTS) Oa eal 
92GS-44231 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 

- 0 —_— 
=) —— — _——— 
Z See Bee cae ean ee as 

a mm rs ee 
NY ,tot cl aes 
W i == p—t— 
D ma = 
ra} aes 
a. 0.14 Co = 
uJ aA a 
2 TIT SENSRE pu Pa 

-2 

re ast (THERMAL RESPONSE) 
= =f DUTY FACTOR, D=t,/to 
tu reese Bias SPEAK Ty=Poy k Zena + Te 
= 4073 ae ese 

1075 4074 1073 10°¢ 0.4 4 10 


t4. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFP254, IRFP255, IRFP256, IRFP257 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
1.25 3. 


@ tS 
< z 
3 = 
ro es ‘és 
ye. Uieto Eke ee i 
z WJ os ee 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
S00 Vgg = OV. f = IMHz 
= Cgg + Cgq. Cys SHORTED = 
6000 9 
= Cys + Cg Cgq / (Cyg + Cyq) = 
x Cie tC WW 
rat ds gd Q 
ke 
Ww 4500 5 
S > 
ho WwW 
O 
S soo |_N EEE Hit : 
a 3000 hs Ran ;’ Oo 
: NG ell) : 
oO 
IN eae r 
: PINE TT : 
kK 
1500 UN o 
a : 
~S o 
> FOR TEST CIRCUIT 


ea il 
rss SEE FIGURE 17 
ee ee 
4 2 5 10 2 5 10 2 0 25 50 75 100 125 


Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFP254, IRFP255, IRFP256, IRFP257 
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Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs case temperature. 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK 1) 


Fig. 14 - Unclamped energy test circuit. Fig. 15 - Unclamped energy waveforms. 
+V 
CURRENT tw 


(ISOLATED 


REGULATOR SUPPLY) 
SAME 
= TYPE 
12V {0.2 AS DUT 
Rp BATTERY | LF 
el ee 
Vps 
DUT 
Rg + 
Ves= 10V @ VpD 
PULSE WIDTH < 1S | | Ame 
DUTY FACTOR < 0.1% 0 _ -Vps 
ig CURRENT —L— Ip CURRENT 
= SAMPLING RESISTOR “~~ SAMPLING RESISTOR 
Fig. 16 — Switching time test circuit. Fig. 17 - Gate charge test circuit. 
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a? HARRIS IRFP340R, IRFP341R 
IRFP342R, IRFP343R 


N-Channel Power MOSFETs 


August 1991 | Avalanche Energy Rated 
Features Package 
TO-247 
e 11A and 8.7A, 350V and 400V TOP VIEW 


* 'pS(on) = 9.552 and 0.802 
e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited 


¢ Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance 
Description 


The IRFP340R, IRFP341R, IRFP342R, and IRFP343R are Terminal Diagram 
advanced power MOSFETs designed, tested and guaranteed 


to withstand a specified level of energy in the breakdown N-CHANNEL ENHANCEMENT MODE 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors D 


designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated G 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. Ss 


N-CHANYEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP340R IRFP341R  IRFP342R ~ IRFP343R UNITS 


Drain-Source Voltage (1) ...... cece ce cee eee ee eeee Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20K1) (1)... .. eee eee eee VDGR 400 350 400 350 V 
Continuous Drain Current 
T= £25°C siseccutat eta sae Cortes sedans un Ip 11 11 8.7 8.7 A 
TE HF 1000 wes a aicscoien tae pase naaaeeeteens Ip 6.8 6.8 a5 5.5 A 
Pulsed Drain Current (3)... 2. cc ccc cence reece cncccncces lDM 44 44 35 35 A 
Gate=Source Vonage: ois iiicaicas seasoned s oetaieweiine wed Vas +20 +20 . +20 +20 V 
Maximum Power Dissipation 
NG S289 Cog sta ante sae ee ate eeeiwe neeantaws. Pp 150 150 150 150 WwW 
Linear Derating Factoring i:seviesdtaasudiases 5b ce eadiceend 1.2 1.2 1.2 1.2 W/9CG 
Single Pulse Avalanche Energy Rating (4)............06: Eas 480 480 480 480 mJ 
Operating and Storage Junction .................- Ty TSTG ~-55to+150 -55to+150 -55to+150 -55to+150 9C 
Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 50V, starting Ty = +25°C, L = 7.0mH, Rgs = 50, 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. PEAK = Pisoee Figutes: ta:and: 1: 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2088.1 
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Specifications IRFP340R, IRFP341R, IRFP342R, IRFP343R_ 


Electrical Characteristics To = +25°9C, Unless Otherwise Specified 


| 7 | LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss__ | VGs = OV, Ip = 250pA 
IRFP340R, IRFP342R 


IRFP341R, IRFP343R Fo 
[Gate Threshold Voltage | Vasa [Wos=Vas, p= 250A ——S~S~C~—S ES Cd 
[Gate-Source Leakage roward | Igss |Vag=20v——~—S—SCS Sd 100 | 
[Gate-Source LeakageReverse | Iass_|Vas=-20V SSCS. (= iY +d 100 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV |} = ft - | 250 | pA | 


Vps = Max Rating x 0.8, Vgg = OV, 1000 | wA 
— | Ty=41259¢C 


VpDs > ID(ON) X DS(ON) Max, Vgg = 10V 


On-State Drain Current (Note 2) 
IRFP340R, IRFP341R 
IRFP342R, IRFP343R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP340R, IRFP341R 


IRFP342R, IRFP343R 


ID(ON) 


'DS(ON) 


Vas = 10V, Ip = 5.5A 
0.47 Q 


ee 


Forward transconductance (Note2) | gts |Vos=S0VIp=55A_ | St S| Ot S| SC C:«SLO 
1Ss_| Vag = OV, Vos = 25V, f= 1.0MHz 7250_| 

Serguei 300 

[80 | 

VoD =200V, Ip = 11A, Rg = 9.19 

See Figure 16. (MOSFET switching times 

: are essentially independent of operating 
tempera) [80 | 7 
[24 [86 


Ves = 10V, Ip = 10A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


=| 
Q 


Total Gate Charge 
(Gate-Source + Gate-Drain) 
Gate-Source Charge | 


Gate-Drain (“Miller”) Charge 


E 
— 
0) 
oe) 


19) 
iF) 


C 


3 


fo) 
(@) a =] soe hoe he) 
= < — nny 


=| 
QO 


t- 


a olo 
gf] 6 s Slolo [21318 
O a om tes 


Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center 

of die. 


Internal Source Inductance L Measured from the 12.5 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Junction-to-Case PF os | 
Case-to-Sink Recs __ | Mounting surface flat, smooth and greased oC/w 
Juncton-fo-Ambien Foun ee 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 


integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Ig = 11A, Vas = OV 


Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


[Ty= +2506, Ip = 10A,dig/dt= 100AKs | 170 | 70 | 700 | ns 


TJ= 2506, Ip = 10A,alerct= Toons | 18 [38 [82 | 10 
Intrinsic turn-on time is negligible. Turn-on a 


speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°9C, L = 7.0mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpeAK = 11A. 


Duty Cycle < 2% impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP340R, IRFP3417R, IRFP342R, IRFP343R 


80rvs PULSE TEST 
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aw 


Ip. ORAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 
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Vos: ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg. GATE-TO-SGURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


F——F OPERATION IN THIS AREA LIMITEDE+HHtH 
a Ros (ON) wane 


N-CHANNEL 
POWER MOSFETs 


eee 


Ip. DRAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


103 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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THERMAL RESPONSE (Zp yc) 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP340R, IRFP3417R, IRFP342R, IRFP343R 


Vos > 50V 
BOps PULSE TEST 


Cannn 
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' 


TRANSCONDUCTANCE (SIEMENS) 


Ipp REVERSE DRAIN CURRENT (AMPERES) 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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IRFP340R, IRFP341R, IRFP342R, IRFP343R 


ISAT 


IRFP342R, 343R 


DRAIN-TO-SOURCE ON RESISTANCE 


Tp. DRAIN CURRENT (AMPERES) 
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Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


oh 
Vas= 10V 
tp 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


N-CHANNEL 
POWER MOSFETs 


+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
Rp BATTERY |JLF 
a ee 
Vps 
DUT 
h Rg + 


Ves= 10V 


PULSE WIDTH < 11S : | | | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
Ig CURRENT —L- Ip CURRENT 
= SAMPLING RESISTOR ™ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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™ HARRIS -_ IRFP350/351/352/353 
IRFP350R/351R/352R/353R 


N-Channel Power MOSFETs 


August 1991 7 | | Avalanche Energy Rated* 
Features | Package 
TO-247 

¢ 14A and 16A, 350V - 400V TOP VIEW 
® rps(on) = 0.32 and 0.42 

DRAIN | 
e Single Pulse Avalanche Energy Rated* (TAB) Y ————— SOURCE 
© SOA is Power-Dissipation Limited L__-——_— DRAIN 
e Nanosecond Switching Speeds | o™ [> GATE 


e Linear Transfer Characteristics 


e High Input Impedance 


Description 


enhancement-mode silicon-gate power field-effect transis- 


tors. IRFP350R, IRFP351R, IRFP352R and IRFP353R types | N-CHANNEL ENHANCEMENT MODE 
are advanced power MOSFETs designed, tested, and guaran- 
teed to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated . 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP350 IRFP351 ==IRFP352 IRFP353 
. IRFP350R IRFP351R IRFP352R IRFP353R UNITS 
Drain-Source Voltage (1) ...... cee ce cece cece eee ee cues Vps 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20K) (1). 2... eee eee ee eee VDGR 400 350 400 350 V 
Continuous Drain Current . 

TES F259 sau csv eis states eee eked eee eens ID 16 16 14 14 A 

VG 100F Gs ses iids aera ee ramen aceon eae. .... ID. 10 10 8.9 8.9 A 
Pulsed Drain Current (3) o.:....0.secceevc eens eee tiewe es IDM 64 64 56 56 A 
Gate-Source VONAGE oc sesies sedis res sevisewewes sien Vas £20 +20 +20 +20 V 
Maximum Power Dissipation , 

TG $2596 ae nie aete satneuaweneneus sees Pp 180 180 180 180 WwW 
Linear Derating Factor....... ccc cece cee cacscttececteeeces 1.44 1.44 1.44 1.44 W/°C 
Inductive Current, Clamped ...........eeeeeee eee Pree ILM 64 64 56 56 A 

_ (See Figure 14, L = 100pH) 
Single Pulse Avalanche Energy Rating (4)...........+00- Eas* 700 700 700 700 mij 
Operating and Storage Junction .............0 eee. Ty TstG -55t0+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range . 
Maximum Lead Temperature for Soldering..........+..0- TL 300 300 300 300 oe 
(0.063 (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 40V, starting Ty = +25°C, L = 5.66mH, Reg = 502, 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. IPEAK = 15A. See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


| File Number 2319.1 
Copyright © Harris Corporation 1991 
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IRFP350, IRFP351, IRFP352, IRFP353_ IRFP350R, IRFP351R, IRFP352R, IRFP353R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA 
IRFP350/352, IRFP350R/352R 


IRFP351/353, IRFP351R/353R | 350 | - | - |{ ov | 
[GateThreshold Voltage == Vasa) |Vps=Vas Ip=250uA_—=SSC~=~—~‘“C CEC SCdYC | 


[Gate-SourceLeakageFoward | _Igss [Vas=20V_———S~SCSs—SC «dT «dS 


Gate-Source Leakage Reverse lass. |VGg=-20V | = | = | -500 [| nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV | = | = | 250 | pA | 
Vps = Max Rating x 0.8, Vag = OV, 1000 | pA 
Ty = +1259C 
On-State Drain Current (Note 2) ID(ON) | VDS>!D(ON) X (DS(ON) Max: VGs = 10V 
IRFP350/351, IRFP350R/351R 16 A 
IAFPSS2/G59, RFPSSOR/SSGR a (SE 
Static Drain-Source On-State — 'DS(ON) | VGsS = 10V, ID = 8.9A 
Resistance (Note 2) 
IRFP350/351, IRFP350R/351R 0.3 9) 
IRFPOS2/S59, RFPOSDR/SSGA | _ ed 
Forward Transconductance (Note 2) Vps = 2x Vas. Ip = 8.0A | 80 { 10 {| - | SU) 


Input Capacitance Ciss 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 


Vags = OV, Vos = 25V, f = 1.0MHz 
See Figure 10 


Turn-On Delay Time | ta(On) | Vop = 200V, Ip = 16A, Rg = 6.22 
See Figure 16. (MOSFET switching times 


are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
Fall Time 


N-CHANNEL 
POWER MOSFETs 


ee 
ee 
Total Gate Charge Vas = 10V, Ip = 16A, Vps = 0.8V Max 83 130 nc 
GS D DS 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
zi (Gate charge is essentially independent of 1 
Gate-Source Charge Cds) Sl ee ine ieareciies a ee ee oe 
Gate-Drain (Miller) Charge | Qqd a ae ee oe 
Internal Drain Inductance Lp Measured between Modified MOSFET nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. oD 
pins and center of 
center of die. 
Internal Source Inductance Ls Measured from the 12.5 nH 
source lead, 6mm 
(0.25”) from header 
. and source bonding 
pad. 
Junction-to-Case Rec ee ee ee 
Rocs | Mounting surface fat, smooth andgreased_| - | 010 | - | 


E 
oO 


Source Drain Diode Ratings and Characteristics 


Is Modified MOSFET D 
symbol showing the 
ISM integral reverse 
P-N junc. rectifier. G 
S 


Continuous Source Current 
(Body Diode) 

Pulse Source Current 
(Body Diode) (Note 3) 


—_ 
oO 
E 


Diode Forward Voltage (Note 2) Ty = +259C, Ig = 16A, VGsg = OV 
Reverse Recovery Time ter Ty = +1509C, Ip = 15A, di¢/dt = 100A/us 27 
Reverse Recovered Charge | QRR | Ty=+1500C, Ip = 15A, dif/dt = 100A/us 1.7 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is Substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C | 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = 40V, Start Ty = +25°C, L = 5.66mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 500, Ipeak = 15A (See Figure 15) 


Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRFP350, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP3517R, IRFP352R, IRFP353R 


Performance Curves 
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IRFP350, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP3517R, IRFP352R, IRFP353R 
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IRFP35 0, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP351R, IRFP352R, IRFP353R 


Performance Curves (Continued) 


IRFP350, IRFP351. 
IRFP350R, IRFP351R 


ip. DRAIN CURRENT (AMPERES) 


Roston) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Royston). ORAIN-TO-SOURCE ON RESISTANCE (QHMS) 


0 
25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


tp 


IL 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


voll 
Vas= 10V ; 
p 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


Res 


E, = 0.5BVpss Ec= 0.75 BVpss 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 


BATTERY '}LF 
sides 


vol | 
Ves= 10V 


PULSE WIDTH < 1pS_ 


DUTY FACTOR < 0.1% -Vps 
Ig CURRENT —L- Ip CURRENT 
— SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT . 
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“a HARRIS — IRFP360 
IRFP362 


N-Channel Power MOSFETs 


August 1991 Avalanche-Energy Rated 
Features Package 
TO-247 
© 20A and 23A, 400V TOP VIEW 
® rps(on) = 0.202 and 0.252 
e Single Pulse Avalanche Energy Rated | OTAB) a, 5 SOURCE 


e SOA is Power-Dissipation Limited +» DRAIN 


¢ Nanosecond Switching Speeds ~~ — GATE 


e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP360 and IRFP362 are advanced power MOSFETs | Terminal Diagram 

designed, tested, and guaranteed to withstand a specified level 

of energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE 
These are n-channel enhancement-mode silicon gate power 


wv 
field-effect transistors designed for applications such as m4 = ti 
switching regulators, switching converters, motor drivers, relay =z 2 
drivers, and drivers for high-power bipolar switching transis- = = 
: : Sa 
tors requiring high speed and low gate-drive power. These oS 
types can be operated directly from integrated circuits. G = = 
The IRFP-types are supplied in the JEDEC TO-247 plastic sy 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
| IRFP360 IRFP362 UNITS 

Continuous Drain Current 

AN ea ks had Oe RE en ee ae Ip 23 20 A 

TOS F100 FC ea iets cote cs Goes eee ba Pena wh eae SoReal ys Ip 14 13 A 
Pulsed: Drain Gurrent.(1) cas died ss eve end ce deateie ewe neease ees lDM 92 80 A 
Gate=Source Voltage sccsin ce te teuseescews sere etieateeds Vas +20 +20 V 
Maximum Power Dissipation 

TG 59S Coind at ua nw hetiens did tannins Neate wa tek eeneaeee Pp 250 250 WwW 
Linear Derating Factor.......cccccccccccccucccccccccccscscceeee 2.0 2.0 W/°C 
Single Pulse Avalanche Energy Rating (2)..........cceeseeeces Eas 1200 1200 mj 

See Figure 14 
Operating and Storage JuNCtION ...... cece eee ee ees Ty, TSTG -55 to +150 -55 to +150 OC 

Temperature Range 

Maximum Lead Temperature for Soldering ............eeeeeeeee TL 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


2. Vop = SOV, starting Ty = +25°9C,L = 4.0mH, Res = 260, Peak |r = 23A. 
3. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications [RFP360, [IRFP362 


Electrical Characteristics Tc = 259C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[Brair Source Breakdownvolwse | BVpss [Veg=Oiip=esna———=~S~dtCE 
[GateTresholdvotage | Vas [Vos=Ves. ip=250a——~—=~S~*idt—seo | = dP oP 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Vgs = OV 

Vps = Max Rating x 0.8, Vgg = OV, 

Ty = +125°9C 

On-State Drain Current (Note 3) ID(ON) | YDS> !ID(ON) X "DS(ON) Max: VGS = 10V 
IRFP360 
IRFP362 


Static Drain-Source On-State TDS(ON) | VGS = 10V, ID = 13A 
Resistance (Note 3) 
IRFP360 


IRFP362 


Sts 
Ciss__| Vas = OV, Vps = 25V, f= 1.0MHz 


E 
—_ 
ep) 


See Figure 10 


ToT 


fe) 
'@) =] som he) 
Ps =z Q ni ny 


VGs = 10V, Ip = 25A, Vps = 0.8V x Max 


Total Gate Charge 
(Gate-Source + Gate-Drain) Rating. See Figure 16 for test circuit. 


Gate-Source Charge : (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (‘‘Miller”) Charge : 7 se ) 
Internal Drain inductance 


VpD = 200V, Ip = 25A, Rg = 4.32 

Rp = 7.52. (MOSFET switching times 
are essentially independent of operating 
temperature) 


3 
QQ) 


=] 
© 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatiscloser | internal device 

to source and gate inductances. 

pins and center of 

center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


=} 
x= 


Internal Source Inductance 


- 
on 
=) 


Junction-to-Case 
Case-to-Sink : Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


2|z . S |S 218 
O Ic o fa O 
am) zu z 19 |8 


Modified MOSFET 
symbol showing the 


integral reverse 
P-Njunc. rectifier. G 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Ss 


Diode Forward Voltage (Note 2) Vsp Ty = +2596, Is = 23A, Ves = OV 
Reverse Recovery Time trr Ty = +2596, If = 25A, di¢/dt = 100A/us 
Reverse Recovered Charge Ty = +259C, Ip = 25A, di¢/dt = 100A/ps 3.1 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


ISM 
| Ysp_| 
| tr 
Re 


NOTES: 

1. Repetitive Rating: Pulse width limited by max. junction temperature. See 3. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% 
Transient Thermal Impedance Curve (Figure 5) 

2. Vop = SOV, Start Ty = +25°C, L = 4.0mH, Rg = 252, Ipeax = 23A 
(See Figure 14) 
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IRFP360, IRFP362 
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Fig. 1 - Typical output characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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IRFP360, IRFP362 


DRAIN-TO-SOURCE ON RESISTANCE 


Ip, DRAIN CURRENT (AMPERES) 


cs 
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Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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VARY 'p TO OBTAIN DUT 


REQUIRED PEAK IL 
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Ves = 10V | | 


PULSE WIDTH < 1 us 
DUTY FACTOR <0 1% 


N-CHANNEL 
POWER MOSFETs 


Fig. 15a - Switching time test circuit. 
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Fig. 14b -- Unclamped inductive waveforms. Fig. 15b - Switching time waveforms. 


CURRENT 


REGULATOR pte 


UPPLY) 


12V 
BATTERY 
0; ———+| 
10V be — — ee 
Ve | | | 15 mA 
GATE 0 eee cas asa 
VOLTAGE © -Vos 
Ig ns Ip 
CURRENT CURRENT 
ee SAMPLING . SAMPLING 
CHARGE RESISTOR RESISTOR 
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Ge HARRIS 


August 1991 


Features 

e 7.7A and 8.8A, 400V - 500V 

* rps(on) = 0.852 and 1.19 

e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited 

® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFP440R, IRFP441R, IRFP442R, and IRFP443R are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown ava- 
lanche mode of operation. These are n-channel enhancement- 
mode silicon gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. 


The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 


IRFP440R, IRFP441R 
IRFP442R, IRFP443R 


| N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Package 


TO-247 
TOP VIEW 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP440R IRFP441R IRFP442R IRFP443R UNITS 


Drain-Source Voltage (1) 2... ccc eee e ee eee ence cence Vos 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20kK1) (1). ..... cece eee VDGR 500 450 500 450 V 
Continuous Drain Current 
BN Geta sed OR ee ee ee ee Ree ee mera Tremere Ip 8.8 8.8 7.7 7.7 A 
TOE P1000 St liusiensaiva toa vaiees aioe tears ID 5.6 5.6 49 4.9 A 
Pulsed Drain Current (3) .........-. Diep eas aeam Veena IDM 35 35 31 31 A 
Gate-Source VONAGE vssccka ces cceme weeusemsicaer aes Vas +20 +20 £20 +20 V 
Maximum Power Dissipation 
GS 200 seca ieee es vase dane emieeaa nen smeees Pp . 150 150 150 150 W 
Linear Derating Factor.........ccccceccccccccccccecsceces 1.2 1.2 1.2 1.2 W/°C 
Single Pulse Avalanche Energy Rating (4)............000: EAS 480 480 480 480 mJ 
Operating and Storage Junction ............eeeees Ty TsTG  -55to+150 -55to+150 -55to+150 ~-55to +150 °C 
Temperature Range . 
Maximum Lead Temperature for Soldering.............. TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) y 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 50V, starting Ty = +25°C, L = 11mH, Reg = 502, IpeaK = 8.8A. 


2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


See Figures 14 & 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2089.1 
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Specifications IRFP440R, IRFP44171R, IRFP442R, IRFP443R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | Vas = OV, Ip = 250pA 
IRFP440R, IRFP442R 


IRFP441R, IRFP443R 


al 
[Gate Threshold Volage | Vasqi |Vos= Vas ip=250A_—S~s S| dC 
[Gate-SourceLeakageFoward | less |Vag=20v SCS «did 100 
[Gate-Source Leakage Reverse | Iass_|Ves=-20V. S| 100 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Vas = OV 
Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


Vps > !D(ON) X DS(ON) Max, Vag = 10V 


Hi] uns 


On-State Drain Current (Note 2) 
IRFP440R, IRFP441R 


IRFP442R, IRFP443R 


| 
NI] 


Static Drain-Source On-State 'DS(ON) | VGS = 10V, Ip = 4.9A 
Resistance (Note 2) 

IRFP440R, IRFP441R 

IRFP442R, IRFP443R 
Forward Transconductance (Noie 2) Vps > 50V, Ip = 4.9A | 63 | 82 | - | 
Input Capacitance Ciss___| Vas = OV, Vps = 25V, f = 1.0MHz | 1225 | - | 
Output Capacitance Coss _ | See Figure 10 | 200 | - | 


Reverse Transfer Capacitance Crss 

Turn-On Delay Time VD = 250V, Ip = 8A, Rg = 9.19 
Say ea eee 

- E are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature) 

Fall Time 

Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


i) 
Ny} oO 
ALM 


oh 

~] 
E 

—_ 


Vas = 10V, Ip = 8A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Lp Measured between —_| Modified MOSFET nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center 9D 
of die. 
Ls Measured from the 12.5 

source lead, 6mm : 

(0.25”) from header 

and source bonding 

pad. ° 
Junction-to-Case Rec Fo | 


Case-to-Sink Recs Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Internal Source Inductance 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, lg = 8.8A, Vgs = OV 
Reverse Recovery Time Ty = +259C, IF = 8.0A, di/dt = 100A/us | 
Reverse Recovered Charge Ty = +259C, Ir = 8.0A, dif/dt = 100A/ps 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 11mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpEaAK = 8.8A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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N-CHANNEL 
POWER MOSFETs 


? 


IRFP440R, IRFP44.171R, IRFP442R, IRFP143R 


Vos 2 50V —— 


80ys. PULSE TEST re 


80ps PULSE TEST = 5 or 
a 
(ied ocd Fae] Se Aa] 


.pssssee ee eee 
< < SS RE NS CL AY A 
~ —. ee ae 
Pe ia a 
7 tea eee ee. So 
Re 2 Gee ee ee ee 
a seee eR ERS 2 at ee 
ae Fe ll 
Ss es ee <== ===—=— 
Py (aaa a ieee | AR eS Ge ea! 

10-2 | COO 
: 10 

Vos: “DRAIN-TO-SOURCE VOLTAGE “(Vv (VOLTS) © Ves: qave-ToSOURGE Mace elie 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


45 

ace Sonne Goer ons Gas on Gs t a 0 eee eee 

H——+-OPERATION IN THIS AREA LIMITED EHH 
BY mmaent 


6 <P xe 
ji aS 


SED SS ty L-++-+$——<+ ht 
IRFP442R, eS ioe ee =H ar tmmaat 
PS Nk — THT BBaSl 


eo 
PETAR State 
. SAH 


aes Se Soe on a oO < S s cet oe Ow SSG SE, eee So 
a ee, Se 
7 ri a 
aoe oe el 0 


oo 
Sm 60 IRFP440R, 2A Hy 
To=25PC 


Ip. ORAIN CURRENT (AMPERES) 


| ite 
EA a ale te Nee taste ated 
SP Zea es oe 


Ip. DRAIN CURRENT (AMPERES) 


Prt 
REPAAIR, 3R 


yA el Bg T y= 150°C 
0 2 ee a ee Re ee 0.4 SINGLE PULSE 
0 3 6 9 12 15 : 4 2 5 40 2 5 40° @ mi 109 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
— 10 
O 
=) 
ome 
voy 
an -_ 
So4 He BE =o 
Gi SSS Sees ————— 
WwW = —— 
em a ie 
=2 
= 10 NOTES: 
= 1. DUTY FACTOR, D=t 4/to 
j- 10 


t,. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP440R, IRFP441R, IRFP442R, IRFP443R 


NEUE 


mil 
AN 


meen a 
eVAe eee ee 


TRANSCONDUCTANCE (SIEMENS) 


Sts: 
Inn. REVERSE DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


N-CHANNEL 
POWER MOSFETs 


BVpgg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
(NORMAL IZED) 


Rog (on)» DRAIN-TO-SOURCE ON RESISTANCE 


0.7555 -40 -20 0 20 40 60 80 100 120 140 160 02055 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE ( °C) Ty, JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


= {MHz 


Ves z Ov, 
Cisg * Cgg + Cog. Cys SHORTED 


: @ 
Coss ™ Cys + Cgg gg / (Cys + Cgg) = 
cy > 
: Seettit meen f 
ie a re el : 
oO 1200 # o 8 
SNL SNE ETT ee by HITE 
6 ne 
s \ : Wamme beh tthe 
ond 
woo LLL EE a ee 
SBE Pee Be HA de lee! 
> 7 FOR TEST CIRCUIT 
eat. an =aiiil AGEs 
: oT 102 0 12 24 36 48 60 
Wee. DRAIN- a SOURCE VOLTAGE veut) Gg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE . GATE-TO-SOURCE VOLTAGE 
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IRFP440R, IRFP441R, IRFP442R, IRFP443R 


Ros (on)» DRAIN-TO-SOURCE ON RESISTANCE 
Ip, DRAIN CURRENT (AMPERES) 


35 50 75 100 125 150 
Ip. DRAIN CURRENT. (AMPERES) Tc. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
: TEMPERATURE 


Yps 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


GS tp 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


Res 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
R 12V ne AS DUT 
D BATTERY } | 
me be 
Vps 
DUT 
I Re + 


Ves = 10V 


PULSE WIDTH < 12S | | {1.5m 
DUTY FACTOR < 0.1% 9 _ 


-Vps 
IG CURRENT Ip CURRENT : 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 


4-520 


~) HARRIS 


IRFP450/451/452/453 
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Features 

e12A and 14A, 450V - 500V 

®* rps(on) = 0.49 and 0.52 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


, 
‘ 


« 
worn 


- 
rigpse 


Dese on 

The IRFP450, IRFP451, IRFP452, and IRFP453 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRFP450R, IRFP451R, IRFP452R and IRFP453R types 
are advanced power MOSFETs designed, tested, and guaran- 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-247 
TOP VIEW 
DRAIN [\ 
(TAB) =>. SOURCE 
| > DRAIN 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


” 
teed to withstand a specified level of energy in the breakdown D = rr 
avalanche mode of operation. All of these power MOSFETs are =e 
designed for applications such as switching regulators, = = 
switching converters, motor drivers, relay drivers, and drivers ro ar 
for high-power bipolar switching transistors requiring high G zs 

oO 
speed and low gate-drive power. These types can be operated o. 
directly from integrated circuits. 
The IRFP types are supplied in the JEDEC TO-247 plastic S 
- package. 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 

IRFP450 IRFP451 IRFP452 IRFP453 

IRFP450R IRFP451R IRFP452R IRFP453R UNITS 
Drain-Source Voltage (1) .......ccce cece ceececeeeenes Vos 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20KD)(1)....... ce ee eee VDGR 500 450 500 450 V 
Continuous Drain Current 

TGS 2 59C asa duet eee epee eh VesG cade we eewhaen Ip 14 14 12 12 A 
TOS 4100S canidawiet.ctewt cane etiam ekeews Ip 8.8 8.8 7.9 7.9 A 
Pulsed Drain Current (3) 20... ... cc cece ee ec ete n ete eens IDM 56 56 48 48 A 
Gate-Source Voltage ....... ccc ce encenesvevesees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TGS 259G satis ata teced te nates eta deNe eee Pp 180 180 180 180 W 
Linear Derating Factor... . ccc ccc cect cece cece eee eenee 1.44 1.44 1.44 1.44 W/9G 
Inductive Current, Clamped ....... ccc cece cece eee eens ILM 52 52 48 48 A 
(See Figure 14, L = 100u1H) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 860 860 860 860 mJ 
Operating and Storage Junction ............0000e. Ty TSTG ~55to+150 -55to+150 -S55to+150 -5S5to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ..............: TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. ; 4. Vpp = SOV, starting Ty = +25°C, L = 7.9mH, Reg = 25, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 14A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number y) 3 31 1 
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IRFP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFP453R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


| | LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| VGs=OV, Ip = 250pA 
IRFP450/452, IRFP450R/452R Vv 
IAFP451/453, IRFP451R/45GR 450 | - {| - | v_ 


[Gate ThreshoidVottage | Vasa [Vos=Vasip=2500A_——~SCS~sC | Cd | 
[Gate-SourceLeakageFoward | less [Vas=20V_—————S—S~s ~~ | = | 800+ 
[Gate-Source Leakage Reverse | Iass_|Vas=-20V_———S—S~d SY | 800] a] 


Zero Gate Voltage Drain Current Ipss 


Vs = Max Rating, Vag =0V = [= [250 [ua 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
Ty = +1259C 


Vps > ID(ON) x (DS(ON) Max: VGS = 10V 


On-State Drain Current (Note 2) 
IRFP450/451, IRFP450R/451R 


IRFP452/453, IRFP452R/453R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP450/451, IRFP450R/451R 


ID(ON) 


'DS(ON) | VGS = 10V, Ip = 7.9A 


IRFP452/453, IRFP452R/453R ge 
Forward Transconductance (Note 2) Vps > 50V, Ip =7.9A | 93 | 138 | - | Sw) 
input Capacitance iss__| Vas = OV, Vps = 25V, f = 1.0MHz | - | 2000 | - | pF | 
Output Capacitance oss _| $2 Figure 10 [= [400 [=| oF 
Reverse Transfer Capacitance | | = | 100 | - | pF 
Turn-On Delay Time Vpp = 250V, Ip = 14A, Rg = 6.19 | = | 16 | 27 | ns | 
Rise Ti See Figure 16. (MOSFET switching times 

re GuceHiiaiIy ndeperdentofeserina  ‘\es2 eat SIO tee 

Turn-Off Delay Time 'g(OFF)_| temperature) | - | 68 {| 100 { ns | 
Fall Time i ee 
Total Gate Charge Vas = 10V, Ip = 14A, Vps = 0.8V Max 130 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

te- h ; (Gate charge is essentially independent of 12 nc 
Gate SOuICE 2 arge operating temperature.) ee ee ee 
Gate-Drain ("Miller") Charge a Do 


Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Oo 


OPO 
a” 
n 


12.5 
5S | 


a OI BO 
[Mounting surface fat smoothandgreased | - | 040 | - | °OW_ 


Junction-to-Ambient Roya | Free air operation oe eee 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET Dd 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


TTj= 425°C, Ig=14AVeg=OV | 
ae 
| = 


Internal Source Inductance 


Junction-to-Case 


ol <I ° 
als b 
oom t®) 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


E 


ISM 


Diode Forward Voltage (Note 2) 


VSD 


Reverse Recovery Time Ty = +1509C, Ir = 134A, dig/dt = 100A/us 1300 | - | ns | 
Reverse Recovered Charge | QrRR_ | Ty=+1500C, Ip = 13A, dif/dt = 100A/ps | 74 J} - | uc | 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 7.9mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 259, IpEAK = 144A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 


a 
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IRFP450, IRFP457, IRFP452, IRFP453 IRFP450R, IRFP457R, IRFP452R, IRFP453R 


Performance Curves 


K 


a 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


ce) 50 100 150 200 250 


Vos, ORAIN-TO-SOUACE VOLTAGE (VOLTS) Vgg: GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


2 

RELI ieee 33 = = 
vamnnil x= 

C1) A 7 z 

= Oo 

o.. 


- eee 


* 450,R,1,R 


Ip. ORAIN CURRENT (AMPERES) 
DRAIN CURRENT {[AMPERES) 


Ip. 


0) 3 fo) 9 12 15 ‘ 3 
Vos: DRAIN-~TO-SOURCE VOLTAGE (VOLTS) Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
se os 
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i) ott $F a 
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vo, eel 
D 7 ——— —— — = 
ato SS 
S 6.4 C2 Se ~ oe 
o Se 
tr See ertit coe eet et, 
-2 
g 10° Beet NSHial AEEponsey SSE 
z eee eiiitaumeriers SESH 1. DUTY FACTOR, D=t,/to 
2 ors Pett EE EHH 2. Pe tuto X Zenac + Tc | 
10 1074 1073 107° G4 4 10 


ty. RECTANGULAR PULSE DURATION (SECONDS) 
FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP4517R, IRFP452R, IRFP453R 


Performance Curves (Continued) 


Vos 2 50V 
BOps PULSE TEST 


TRANSCONDUCTANCE (SIEMENS) 


9fs: 
Ipp, REVERSE ORAIN CURRENT (AMPERES) 


"0.0 0.5 1.0 ; 2.0 a) 
Ip. DRAIN CURRENT (AMPERES) Vcgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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Fa Oe Oe 
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a ee 
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See 
tad als) eee 


BVpsg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 
Ros (on): DRAIN-TO-SOURCE ON RESISTANCE 
ae ae e ee 
ae Se 


anes ea 


Pa 
TaN Slall calcd [eveerue 
0.0 
-60 -40 -e 
) 
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Ty. JUNCTION TEMPERATURE ( °C) - Ty, JUNCTION TEMPERATURE ( °C 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


iss " Cgs * Cgg. Cog SHORTED 


+ Cgs Cge / 4 + 


Vos = 250V 


Vos = 100V Dp 


GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ves: 


Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qo. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF450, IRF451, IRF452, IRF453 IRF450R, IRF457R, IRF452R, IRF453R 


Performance Curves (Continued) 
10 
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FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 


TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


tp 


I 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


woh 
Ves= 10V t 
p 


N-CHANNEL 
POWER MOSFETs 


E,= 0.5BVpss Ec= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
+ TYPE 
12V |0.2 AS DUT 
R BATTERY '}4F 
y ie 


DUT 


I Rg + : 
Ves= 4 | ~ Yop 
PULSE WIDTH < 11S ; | | { 1.5m 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRFP460 
IRFP462 


N-Channel Power MOSFETs 


i HARRIS 


August 1991 | | Avalanche-Energy Rated 
Features | Package | 
| TO-247 
e 20A and 17A, 500V TOP VIEW 
® rps(on) = 0.2720 and 0.3520 
| ~ 48 | 
¢ Single Pulse Avalanche Energy Rated (TAB) Y ——————> SOURCE 
¢ SOA is Power-Dissipation Limited | > DRAIN 
e Nanosecond Switching Speeds | i™ [a GATE 


e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFP460 and IRFP462 are advanced power MOSFETs | Terminal Diagram 
designed, tested, and guaranteed to withstand a specified level 


of energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE 
These are n-channel enhancement-mode silicon gate power | 
field-effect transistors designed for applications such as D 


switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis- 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 


G 
The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 
S 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFP460 IRFP462 UNITS 

Continuous Drain Current ; 

TG 25 oes is ee bees eae iacaees Rea adhe nas Ip 20 17 A 

EOS FIOOIG enc nw kaon panels Sweats san ate ste bee ace ORs Ip - 412 11 A 
Pulsed Drain Current (1) is cic iii cnlacwte ies ease ete. IDM 80 68 A 
Gate-Source Voltage ...... aie Biba aid eee a aaa eps ena Vas +20 +20 V 
Maximum Power Dissipation 

OS FOO uieia ia AMSAT ERE week Serie eee Iae ate eaws Pp 250 250 W 
Linear Derating Factor.........ccc ccc cecccccsscereccevececccess 2.0 2.0 W/°C 
Single Pulse Avalanche Energy Rating (2)....... tar is tne ate alo Eas 960 960 mJ 

See Figure 14 
Operating and Storage Junction ......... cc ccc ee eee ecees Ty, TSTG -55 to +150 ~55 to +150 °C 

Temperature Range . 

Maximum Lead Temperature for Soldering ..........2cececences TL 300 300 oc 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

2. Vop = SOV, starting Ty = +259C, L = 4.3mH, Res = 25N, Peak IL = 20A. 
See Fig. 14. 

3. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling me should be followed. 
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IRFP460, IRFP462 


ELECTRICAL CHARACTERISTICS At Case Temperature (Ts) = 25°C Unless Otherwise Specified 


BVpss_—s=CDrraiin-to-Source Breakdown Voltage ALL V VGs = 0V. Ip = 250 pA 
Rps(on) Static Drain-to-Source IRFP460 
On-State Resistance ©) AERA 
Ip(on)  On-State Drain Current @ IRFP460 
IRFP462| 17 


VGsith) Gate Threshold Voltage na 


ALL 
Ofs Forward Transconductance @) 
Ipss —« Zero. Gate Voltage Drain Current 


Vos > ID(on) x Rosion) Max. 
Ves = 10V 

Vos = Ves. Ip = 250 pA 
Vos = 2 50V, Ips = 1A 
Vos = Max. Rating, Veg = OV 


Vos = 0.8 x Max. Rating 
Ves = OV, Ty = 125°C 


pA 


Raa 
ee 
emt 
= 
ia 
P20 
2 
es 
——e 
Figs Grote Souce love Rowse «| AL | 
[= 
[age GnetoSeuce rage SSSC* A | 
meh 
cea 
ea 
L 
jeez 
ae 


= 10V, Ip = 21A 
Vps = 0.8 x Max. Rating 
See Fig. 16 


Qgq ~~ Gate-to-Drain (Miller) Charge ALL (Independent of operating temperature) 


tdion) Turn-On Delay Time ALL 


tr Rise Time ALL 
tdioff)  Turn-Off Delay Time ALL 85 pons See Fig. 15 


tf Fall Time ALL 
ES) Internal Drain Inductance ALL 


Modified MOSFET symbol 
showing the internal 


package to center of die inductances 


Measured from the drain 
lead, 6mm (0.25 in.) from 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 


Internal Source Inductance 


Ciss Input Capacitance 
Coss Output Capacitance ALL 


Crss Reverse Transfer Capacitance ALL 


| pF | f = 1.0 MHz 


np oO 
& N 


Rthuc _Junction-to-Case 


pF 
°C/W 
Rthcs Case-to-Sink | aul | ~ | oto | Mounting surface flat, smooth, and greased 
RthuA _ Junction-to-Ambient ALL P= | = | Free air operation 
at [= [= | [ort] sinc 62 uy 


© Repetitive Rating; Pulse width limited by @® Pulse width s 300 ys; Duty Cycle <= 2% 
maximum junction temperature (see figure 5) 
Refer to current HEXFET reliability report 


@ @Vpop = 50V, Starting Ty = 25°C, 
L = 4.3 mH, Rg = 252, 
Peak |, = 20A. See Fig. 14. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Parameter i Test Conditions 
Continuous Source Current Modified MOSFET symbol showing the integral 
(Body Diode) Reverse p-n junction rectifier 


ISM Pulsed Source Current 
(Body Diode) © 


ton Forward Turn-On Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp 
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Ves = 10V, Ip = 11A 


N-CHANNEL 
POWER MOSFETs 


IRFP460, IRFP462 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 


4-528 
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0 8 16 24 32 40 
Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


BVogg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


0.75 
-60 -40 -20 0 20 40 60 80 100 120 140 160 


Ty. JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdown voltage vs. temperature. 


10000 
Ves = OV, f = 4MH2 
= Cgs +C da: Cus SHORTED 
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gd 
= Cys + Cgg Cg / (Cys + Cgq) 
Cys * Cgq 
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Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


uJ 

O 

z 

< 

— 

uw) 

2.4 12 

uJ tu 

: By 

z <— 

ro) = ©. 

Gan jes <= 

2g" a & 

3h 7 
= 

ae = 

7 o1.2 

z=az 

Zz 

< 

ao 

Q 


Le a 
eee a Wee 


ADs (on): 
<= 


0.0 
-60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. UUNCTION TEMPERATURE ( °C) 


Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 


VGS = 


Fig. 12 - Typical on-resistance vs. drain current. 


VARY tp TO OBTAIN 
REQUIRED PEAK ty 
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ty 


ves= or} | | 


Fig. 14a - Unclamped inductive test circuit. 
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IRFP460, IRFP462 


20 , 40 60 80 
Ip, DRAIN CURRENT (AMPERES) 


Vos 


PULSE WIDTH <= 1 ys 
DUTY FACTOR <0.1% 


Fig. 15a - Switching time test circuit. 
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Fig. 16a - Basic gate charge waveform. 
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Fig. 13 - Maximum drain current vs. case temperature. 


Fig. 14b - Unclamped inductive waveforms. 
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Fig. 15b - Switching time waveforms. 
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Fig. 16b - Gate charge test circuit. 


a} HARRIS IRFPC40R 
IRFPC42R 


N-Channel Power MOSFETs 
May 1992 Avalanche-Energy-Rated 


Features Package 
© 6.8A, 5.9A and 600V 


TO-247 
TOP VIEW 


* YDS(ON) = 1-2© and 1.69 


e Isolated Central Mounting Hole 
> SOURCE 
e Repetitive Avalanche Ratings 
e Simple Drive Requirements 


e Ease of Paralleling 


Description 


The IRFPC40R and IRFPC42R are advanced power MOSFETs : 
designed, tested, and guaranteed to withstand a specified level | 7e7minal Diagram 


of energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE 
These are n-channel enhancement-mode silicon-gate power | 
field-effect transistors designed for applications such as D 
switching regulators, switching converters, motor drivers, relay 2 
drivers, and drivers for high-power bipolar switching a rs 
transistors requiring high speed and low gate-drive power. = ro) 
These types can be operated directly from integrated circuits. = = 
G © wi 
The IRFPC types are supplied in the JEDEC TO-247 plastic = = 
package. rv 
Ss 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
IRFPC40R IRFPC42R UNITS 

Continuous Drain Current 

OS 207 CO ie cecua bene phe chu atiwns MiG COE etarsuae eee onebanraee cane ID 6.8 5.9 A 

GOP 1000C ons ec tr ini aG sigan seine waaseu siesta aaieeee ane es ID 4.3 3.7 A 
Pulsed Drain Cumrent (2) socs.c sce cows usweetas deen ee vies tees Wa seeeePamieds IDM 27 24 A 
Oate-SOurce VONAGE iad nei necaise spas eles Foeed eeu vee e cosa eaeaan Ves +20 +20 V 
Maximuny- POWGEr DISSIDatiON. < y44owiwscisekaes oc geass Hoeeiaewedsctesew eae’ Pp 150 150 W 
Linear Derating Factor sr, 50c40cuusd cess e056 eh oe ekned one ee ee caws eee ae eneae ie 1.2 W/°C 
Single Pulse Avalanche Energy Rating (3)......... cece cece eee e cee teeeeenee Eas 410 410 mJ 

(See Figure 14) 
Operating and Storage Junction ....... cece ewe cence ccetccrenescvcncs Ty TSTG  —~55to+150 -55to+150 °C 

Temperature Range 

NOTES: 
1. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% 3. Vpop = SOV, Start Ty = +25°C, L = 16mH, Rg = 25N, Peak IL = 6.8A 
2. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number o1 58.1 
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Specifications [IRFPC40R, IRFPC40R 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[Drain-Source Breakdown Votage | BVpsg_[Vos=Ovip=250a———~—S~sr wo] 
[GateThresholdVotage [Vas [Vos=Ves. Ip=250A———~—~S=~«dt=—Co | | | 
[Gate-SourceLeakageFoward | Igss_[Vas=eov———~—S~S~S~S = d= dn 
[gate-Source Leakage Reverse | lass _[Ves=-20~—~—~———~—S~d~SCS dT 800 | 


Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Ves = OV Fo o- | = | 250 | pa | 
Vps = Max Rating x 0.8, Vgg = OV, 1000 yA 
Ty = +1259C 


oe ee ee ee 
VGs = 10V, Ip =3.7A 
| eee ha 


On-State Drain Current (Note 1) 
IRFPC40R 


IRFPC42R 


Static Drain-Source On-State 
Resistance (Note 1) 
IRFPC40R 


DS(ON) 


IRFPC42R ae ae ee ee 
ots SO) 
Vas = OV, Vps = 25V, f= 1.0MHz F 
Coss _| See Figure 10 

Crss 

VpD = 200V, Ip = 6.2A, RG = 9.19 13 
Steen cerita i [2 

: | 8 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge . 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


© 


oO |} © 
ro) & Ola OLOIN 
oun j 
‘@) 


Vas = 10V, Ip = 6.2A, Vps = 0.6V x Max 
Rating. See Figure 16 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal inductances. 


oD 


Measured from 
the drain lead, 
6mm (0.25”) 
from package 
to center of 
die. 
Measured from the 
source lead, 6mm 
(0.25”) from package 
to source bonding 
pad. 


Oo 


—_ 
a B/a1e 
C196 


n 


Internal Source Inductance 


J 
(2) 
5 ks 3 3 
at ds) 


Junction-to-Case Ag ee | cee, Poo 
Case-to-Sink Recs | Mounting surface flat, smooth and greased | 0.10 | °C/W 
Junction-to-Ambient Roya | Free air operation oY 3 /W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 3) Vsp Ty = +259C, Ig = 6.2A, Ves = OV 
Reverse Recovery Time ter Ty = +250C, Ip = 6.2A, dif/dt = 100A/ps 
Reverse Recovered Charge Ty = +2506, Ip = 6.2A, dif/dt = 100A/ps 1.8 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled by Ls + Lp. 
NOTES: 


1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 3. Vpp = SOV, Start Ty = +25°C, L = 16mH, Rgs = 252, IpEaK = 6.8A 


Q 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 1) 


S 


nN 
NJ 


= 
?) 


4 
LW) 
So, 


Go 
© 


“J ok, 
(e) oy 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 
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IRFPC4OR, IRFPC42R 
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Fig. 2 - Typical Transfer Characteristics 
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|| | OPERATION IN THIS AREA LIMITED + 
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— a oe 2. 
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N-CHANNEL 
POWER MOSFETs 


Ip, DRAIN CURRENT (AMPERES) 


3 6 9 1e 15 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43142 

Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
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t,. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFPC4O0R, IRFPC42R 


ae Cpe cmon 
p= ——— — 
= same co 
oa 7) oe es a ae 
FEE aa 
: || oles 
g a 
és 2 =~ —t-———4 +4 
3 os a et 
< & ae ean neces) 
ir o | 
: z feaiea 
: : _ iz 
3 Qo fe —— 
= ger Ses Ree irae aor 
bs ee Saas as eel 
; aii 
oO . 
on) 
) 2 ) b 8 10 . a 0.3 0.6 0.9 1.2 1.5 
Ip. ORAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 
1.25 
(3S) 
3 
[r¥) 
: ee a 
5 1.15 ne 
Oo wn 
: eae 
ES 2 
~~ he 
is 1.05 Woot. 
ul x w 
: se tt | 
tu a oO - 
es oe 
32 oz 
= 0.95 1 ol. 
p zz 
< 
; ~ oct LA 
Q 0.85 a 
= S 
w 
(@) 
a 
0.75 - 0.0 
-60 -40 -20 9 20 40 60 80 100 120 140 160 -60 -40 ~20 0 20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE ( °C) , Ty. JUNCTION TEMPERATURE ( °C) 
Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 
3000 OV Te Tes 
Cigs * Cog * Cog. Cys SHORTED 
as 7 a 
2400 rss * “ga ae 
Oo 
: Coss = Cys + Cos Coa / Cy, + Coq! > 
a s +C ; 
SSO” 
= 
1800 a - 
f INE ANU TT ‘ 
a 4 he uy 
Sooo WN TT : 
a 1200 a : wn 
ST NUTT : 
Bs 7 
ee Nt ll! : 
600 : : © 
PN CT é 
ST] ee > ~ FOR TEST CIACUIT 
; Rae Pa SFE FIGURE 16 
2 5 10 2 5 102 ) 12 24 36 48 60 
Vong. ORAIN-TO-SOUACE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 


4-534 


IRFPC40R, [RFPC42R 
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POWER MOSFETs 


Fig. 14a - Unclamped Inductive Test Circuit 
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Fig. 14b - Unclamped Inductive Waveforms Fig. 14c - Maximum Avalanche Energy Vs. Starting 
Junction Temperature 
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Fig. 15a - Switching Time Test Circuit Fig. 15b - Switching Time Waveforms 
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IRFPC40R, IRFPC42R 


content  cuptent 

SAMPLING SAMPLING 

RESISTOR RESISTOR 
Fig. 16a - Basic Gate Charge Waveform Fib. 16b - Gate Charge Test Circuit 
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™ HARRIS IRFPG40 
IRFPG42 


| High Voltage N-Channel Enhancement 
August 1991 Mode Power Field Effect Transistor 


Features Package 
e IRFPG40: 4.3A, 1000V, rps(ON) = 3-52 
e IRFPG42: 3.9A, 1000V, rps(ON) = 4.22 
e UIS SOA Rating Curve (Single Pulse) 


TO-247 
TOP VIEW 


e -55°C to 150°C Operating and Storage Temperature 


Description 


The IRFPG40 and IRFPG42 are n-channel enhancement 
mode silicon-gate power field effect transistors. They are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers Terminal Diagram 


for high-power bipolar switching transistors requiring high N-CHANNEL ENHANCEMENT MODE 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. D 
~” 
The IRFPG40 and IRFPG42 are supplied in the JEDEC 2 
TO-247 plastic package. A 
z= © 
= = 
G © = 
= fo) 
o. 
Ss 
Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 
IRFPG40 IRFPG42 UNITS 
DIAN =SOUCE tcastioun cerntda sees tedein cane sain canee se habwaonomwere dee Vpss 1000 1000 V 
Drain= Gate: oc tisi evn teers ous Raa pene Cees Dae E Dale E Car mh ees Sac VDGR 1000 1000 Vv 
CONUNUOUS Drain Currents: cc asses thew wend eerste ioe Geu ieee saev aries eueeae ID 4.3 3.9 A 
PUISE? Drain: CUIPENE gaint saes paew eee ie ete tae soo tee Beate ae Near eaels IDM 17 16 A 
Gale-SOurce: VOIADE 20. oa. a ia Soe mesa eaie as condeauiien te ceoeenbewus VGs +20 +20 V 
Maximum Power Dissipation 
TT GO cir sis a Pn ak Ca Ses hae ta ee Rees ihn a Sura eee sane ear tte's Ome ales ate Pp 150 150 WwW 
DerateAbove Te = 25°C ass. serguctoceyvecesnteeaevesd ren tteuetyectanna 0.83 0.83 W/°C 
Single Pulse Avalanche Energy Rating ....... ccc cc cece eee e eters ee en ee eeees Eas 490 490 mJ 
(See Figure 13) 
Operating and Storage JUNCTION ..... cece eee cece cence eet eseeene Ty, TSTG -55to+150  -55to+150 °C 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2879 


Copyright © Harris Corporation 1991 
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Specifications IRFPG40, IRFPG42 


Electrical Characteristics (Tc = 25°C), Unless Otherwise Specified 


-- LIMITS 
Vv 


SYMBOL TEST CONDITIONS | 


BVpss Ip = 0.25mA, Vag = OV | 


CHARACTERISTICS 


Drain-Source Breakdown Voltage 


© < 
G) 
ee 


Gate Threshold Voltage 


Vas = Vos) Ip = 0.25mA 
Vas =0V 


Zero Gate Voltage Drain Current 


Vos = 1000V To = 25°C 


Vps = 800V To = 150°C 
Ves = £20V © 


Ip = 2.5A, Vag = 10V 


Gate-Source Leakage Current 


On Resistance 
IRFPG40 
IRFPG42 . 


See Figure 14 
Total Gate Charge Ip = 3.9A, Vpg = 800V, Vas = 10V 
Thermal Resistance Junction to Case Re JC 


Thermal Resistance, Junction to Ambient R@JA aes 


a 
on 
° 
ro) 
=} 
> 


(DS(ON) 


j 
O 
zZ 


Vpp = 500V, | = 3.9A 
Rg =9.12 


ii 


Rp = 1202 


t 
OFF 
t 


Q 


[20 

a 

se 

oe 

3 

ae 

eae) 

r | 
Ecol 

: ae 
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Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOL 


Forward Voltage 
Reverse Recovery Time 


TEST CONDITIONS 


Isp = 4.3A 
Iz = 3.9A, djp/dT = 100 A/us | 


Vsp 
ter 
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IRFPG4O0, IRFPG42 
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Figure 1 - Typical output characteristics. 
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Figure 5 - Power vs. temperature derating curve. 


To=25% 


Pulse Width=250us. 


5 


DRAIN CURRENT - A 


DRAIN CURRENT - 


FORWARD TRANSCONDUCTANCE - mho 


ples DURATION = e50uS, 


Duty Cycle 22 


GATE-TO-SOURCE VOLTAGE - V 


Figure 2 ~- Typical transfer characteristics. 


CASE TEMPERATURE = 26°C 
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OPERATION IN THIS AREA LIMITED 
BY Roscond 


N-CHANNEL 
POWER MOSFETs 


10 100 
DRAIN-TO-SOURCE VOLTAGE - V 


Figure 4 - Maximum safe operating area. 


DUTY CYCLE = 2% Vp. = >70V 


DRAN CURRENT - A 


Figure 6 - Typical forward transconductance. 


REVERSE DRAIN CURRENT - A 


DRAIN-TO-SOURCE ON RESISTANCE 


GATE-TO-SOURCE VOLTAGE - V 


IRFPG40, IRFPG42 
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Figure 7 - Typical source-to-drain diode forward voltage. 
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Figure 9 - Normalized drain-to-source on resistance. 
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Figure 11 - Typical gate charge. 


DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
NORMALIZED 
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JUNCTION TEMPERATURE - °C 
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Figure 8 - Breakdown voltage vs. temperature. 


FREQUENCY=1! MHz 
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10 
DRAIN-TO-SOURCE VOLTAGE - V 


Figure 10 - Typical capacitance vs. voltage. 
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Figure 12 - Typical drain-source on resistance. 
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Figure 13 - Unclamped inductive switching SOA. 
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Figure 14 - Switching time test circuit. 
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POWER MOSFETs 


MHARRIS IRFR120/IRFR121 
IRFU120/IRFU121 


| N-Channel Power MOSFETs 
August 1991 Avalanche-Energy-Rated 


Features Packages 
¢ 8.4A, 80V and 100V Uneahlecs 
* rDS(on) = 0.272 


e Single Pulse Avalanche Energy Rated DRAIN SOURCE 
TAB” DRAIN 


e SOA is Power-Dissipation Limited GATE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


® High Input Impedance TO-252AA 
TOP VIEW 


Cz») SOURCE 


Description bRA—> "I DRAIN 


The IRFR120, IRFR121, IRFU120, IRFU121 are advanced yl GATE 
power MOSFETs designed, tested, and guaranteed to 

withstand a specified level of energy in the breakdown ; 

avalanche mode of operation. These are n-channel Terminal Diagram 
enhancement-mode _ silicon gate power field-effect - 

transistors designed for applications such as switching N-CHANNEL ENHANCEMENT MODE 
regulators, switching converters, motor drivers, relay 

drivers, and drivers for high-power bipolar switching D 

transistors requiring high speed and low gate-drive power. 

These types can be operated directly from integrated 

circuits. 


The IRFU series is supplied in the TO-251AA plastic G 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 


Because of space limitations branding (marking) on type Ss 
IRFR120 is IRF120, IRFR121 is IFR121, IRFU120 is 
IFU120 and IRFU121 is IFU121. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


Gate=Source VONage, ViGS: sscieas cds as baad ahhh CMR g a eben RISEN G SGua tesa wademine eae wsacmaeeses bab aedioness +20V 
Continuous Drain Current, Ip 
TGS 20°C se iaeeie reso aah kecsaae wes ak omeieasawaneneesG ER ee ee eee ee ere Pee mre Cire marr re 8.4A 
TOS VO0OSG sist ends vdn nh wad idan ea deawa nee en canines Sa Vareeig ina aapiwiadesua a swete ewe cece meanrnenes 5.9A 
Pulsed Drain Current) lO iA ss2scve eae stances a Geka Ses Coen weed wale Gases oes sane aa eeess daw de aiea ea widowcusewovnss 34A 
Single-Pulse Avalanche Energy Rating (2), EAS .....-..scecccceccecseeveceees Pee ee ee er Tere ree ore rere 36mJ 
(See Figure 14) . 
Maximum Power DISSIDATON PD) vs needa ccties bemacea cee devcci sees e eae Seed enas bande dw dame adseieeiee caw se euedi wun caes SOW 
Lin@ar Del ating FaGlOn cs ccid7’ 65 ssc nied pena cow ive & no Soa RAN ee Me Sees Hae te dn date vA ANNO D Dewi a aa ewan cen 0.4W/°C 
. Operating and Storage Junction 
Temperature Range; Tf, 1S TG. sax esusieveken winaeseteucwe dei a Gua se cota shew araenes herein adenine ysueumesasewsse Soot +179°C 
Maximum Lead Temperature for Soldering, Th. ..... csc csecccreccccececscecece VOC eer ee ere Teer rere eT er ee ere rer 300°C 
(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive Rating: Pulse width limited by max. junction temperature. See 3. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 
Transient Thermal Impedance Curve (Figure 5) 

2. Vpp = 25V, Start Ty = +25°C, L = 770ynH, Rg = 25N, Peak I, = 8.4A 
(See Figures 14 and 15) 


4. Mounting pad must cover heatsink surface area. See Packages. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 241 4 
Copyright © Harris Corporation 1991 . 
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IRFR720, IRFR121, IRFU120, IRFU127 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 


[| GHARAGTERISTIC [TYPE [MIN [TVR [WAK [UNITS [TEST CONDITIONS 


BVopss Drain-to-Source Breakdown 


Voltage 
Vas = OV, Ip = 250 wA 


Ros(on) Static Drain-to-Source : Vas=10V,Ib=5.9A 
In(on) + On-State Drain Current (3) Vos > Ip(on) x Ros(on) Max. 


Vos = Vas, Ip = 250 pA 


loss Zero-Gate Voltage Drain Current Vos = Max. Rating, Vas=0V 
Vos = 0.8 x Max. Rating 
Vas = OV, Ty = 150°C 

lass Gate-to-Source Leakage Forward A Vas = 20 V 

Qy Total Gate Charge : Vas = 10V, Ip =8.4A 

Qos Gate-to-Source Charge Vos = 0.8 x Max. Rating 


Qoa Gate-to-Drain (“Miller”) Charge See Fig. 16. (Independent of operating temperature) 


ta(on) Turn-On Delay Time ALL : Von = 50 V, In = 8.4 A, Ra = 182 
t, Rise Time ALL Rp = 5.19 
ta(off) | Turn-Off Delay Time See Fig. 15 


tr Fall Time (Independent of operating temperature) Asks 
Internal Drain Inductance : Measured from the drain Modified MOSFET wal Tas 
lead, 6mm (0.25 in.) from symbol showing the = rh 
ie. internal inductances. = 
package to center of die <= 
T oe 
© wi 
Internal Source Inductance : Measured from the source as = 
lead, 6mm (0.25 in.) from © 


package to source bonding 
pad. 


Ciss Input Capacitance Ves = OV, Vos = 25 V 


Coss Output Capacitance ALL f = 1.0 MHz 


Cre Reverse Transfer Capacitance See Fig. 10 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Continuous Source Current ALL cue Modified MOSFET symbol showing - 
(Body Diode) the integral reverse 
: A p-n junction rectifier. , 
Ism Pulsed Source Current ALL 
(Body Diode) G) sew . 


Vsp Diode Forward Voltage (3) F ALL |] — | — [25 OV Ty = 25°C, Is = 8.4 A, Vas =O V 
ter i 

Gin __Reverse Recovery Charge ALL [eas [ose [ 11 |e _ 

ton Forward Turn-On Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 


THERMAL RESISTANCE 


Rgsc Junction-to-Case 
Rgcs Case-to-Sink : °C/W | Typical solder mount (4) 
R gua Junction-to-Ambient A Typical socket mount 


G) Repetitive Rating; Pulse width limited by (3) Pulse Width < 300 us; Duty Cycle < 2%. () Mounting pad must cover heatsink surface 
maximum junction temperature (see Fig. 5). area. See Case Style drawing on front page. 


(2) At Voo = 25 V, Starting T; = 25°C, 
L = 770 pH, Re = 259, Peak IL =8.4 A. 
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IRFR120, IRFR121, IRFU120, IRFU127 


The information shown on the following graphs applies also to the IRFU devices. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFR120, IRFR127, IRFU120, IRFU121 


Vos >= 50V 
80ps PULSE TEST 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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BVpgg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Ros (on): DRAIN-TO-SOURCE ON RESISTANCE 


0.75 ; 
-60-40-20 0 20 40 60 80 100 120 140 160 180 260 -40-20 0 20 40 60 80 100 120 140 160 180 
Ty. JUNCTION TEMPERATURE ( °C) Ty JUNCTION TEMPERATURE ( °C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFR120, IRFR121, IRFU120, [RFU121_ 
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Ros (on): DRAIN-TO-SOURCE ON RESISTANCE 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 12 — Typical on-resistance vs. drain current 
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Fig. 14b — unclamped inductive waveforms 


Fig. 16a — Basic gate charge waveform 
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Fig. 13 — Maximum drain current vs. case 
temperature 


Rp 
Vps 
DUT 
I | | Rg = 
Vgs= 10V - Vpp 
PULSE WIDTH < 1S 
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Fig. 15a — switching time test circuit 
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Fig. 15b — switching time waveforms 


Fig. 16b — Gate charge test circuit 


| HARRIS IRFR220/221/222 
IRFU220/221/222 


N-Channel Power MOSFETs 


August 1991 Avalanche-Energy-Rated 
Features Packages 
° 3.8A and 4.6A, 150V and 200V Lan nit 


* 'DS(on) = 0.802 and 1.20 


: ee eee ee 
e Single Pulse Avalanche Energy Rated | er SOURCE 
7 Sonat : ae TAB 3 DRAIN 
e SOA is Power-Dissipation Limited 
k GATE 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance TO-252AA 
TOP VIEW 
J SOURCE 
Description oR 7 DRAIN 
The IRFR220, IRFR221, IRFR222, IRFU220, IRFU221 and = 1) GATE 


IRFU222 are advanced power MOSFETs designed, tested, 

and guaranteed to withstand a specified level of energy in 

the breakdown avalanche mode of operation. These are Terminal Diagram 

n-channel enhancement-mode _— silicon gate power 

field-effect transistors designed for applications such as N-CHANNEL ENHANCEMENT MODE 
switching regulators, switching converters, motor drivers, 

relay drivers, and drivers for high-power bipolar switching 


D 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 
The IRFU series is supplied in the TO-251AA plastic G 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 

Ss 


Because of space limitations branding (marking) on type 
IRFR220 is IRF220, IRFR221 is IFR221, IRFR222 is 
IRF222, IRFU220 is IFU220 and IRFU221 is IFU221, 
IRFU222 is IFU222. 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRFR220/221 IRFR222 
IRFU220/221 IRFU222 UNITS 
Continuous Drain Current 
NG 259°C: coe Seeing diwesahw torus ci care wi ee swaeads Ip 4.6 3.8 A 
TiC = 100°C... Secs pie din Wie baie thant Hoesen Teer Ip 2.9 2.4 A 
Pulsed Digit CuKeNnt s ri.nccutuewin ee iewatieadieeeias eed ees IDM 18 15 A 
Gale=Source VONAGE an05Je tee cetucsveontede shawnee cuits VGs +20 +20 V 
Maximum Power Dissipation 
NGS 25°C nai ou viereusgutepatew aby bya Sewanee ee eees Pp 50 50 W 
Linear Derating Factor..... cc cece cece nce see enee sense ccecsunces 0.4 0.4 W/°C 
Single Pulse Avalanche Energy Rating (2)..........cceececcece Eas 85 85 mJ 
Operating and Storage Junction ......... cece eee ee ee eee Ty, TSTG -55 to +150 -55 to +150 id @ 
Temperature Range , 
Maximum Lead Temperature for Soldering ..........ecccecccees TL 300 300 oC 
(0.063” (1.6mm) from case for 10s) . | 
NOTES: 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% ’ 3. Mounting pad must cover heatsink surface area. See Packages. 


2. Vpp = 10V, Start Ty = +25°C, L = 6.18mH, Rg = 50M, Peak I, = 4.6A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 941 O 
Copyright © Harris Corporation 1991 ’ 
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IRFR220, IRFR221, IRFR222, [RFU220, IRFU221, IRFU222 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 


BVoss Drain-to-Source Breakdown IRFR221 
IRFU221 
Vv 


IRFR220 
IRFR222 
IRFU220 
IRFU222 
IRFR220 
IRFR221 
0.47 | 0.80 
IRFU220 
Vas=10V, 1p =2.4A 
IRFU221 
IRFR222 
0.80 
IRFU222 


IRFR220 
IRFR221 
IRFU220 
IRFU221 
IRFR222 
IRFU222 


Voltage 


Ves = OV, Io = 250 pA 


Ros(on) Static Drain-to-Source 
On-State Resistance (1) 


Ipn(on) On-State Drain Current (1) 


Vos > lo(on) x Ros(on) Max. 
Vas = 10 V 


Vos = Vas, lo = 250 pA 

Vos 2 50 V, los =2.4A 

Vos = Max. Rating, Vas =O V 
A Vos = 0.8 x Max. Rating 

Vas = OV, Ty = 125°C 


Vas(th) Gate Threshold Voltage 
g Forward Transconductance Q) 


fs 
loss Zero-Gate Voltage Drain Current 


lass Gate-to-Source Leakage Forward Vas = 20 V 
lass Gate-to-Source Leakage Reverse Vos =-20V 


Vas = 10 V, Ip =4.6A 
Vos = 0.8 x Max. Rating 

See Fig. 16. (Independent of operating temperature) 
Voo = 100 V, lp @ 4.6 A, Ra = 189 
Ro = 18 

See Fig. 15 

(Independent of operating temperature) 


Modified MOSFET 
symbol showing the 
internal inductances. 


Q, Total Gate Charge 
Qos Gate-to-Source Charge 


Qoa Gate-to-Drain ("Miller") Charge 


8.8 


te(off) | Turn-Off Delay Time 
t Fall Time 


f 
Lo Internal Drain Inductance 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 


x 


Internal Source Inductance 7.5 


Vos = OV, Vos = 25 V 
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Cise Input Capacitance 


ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ta(on) Turn-On Delay Time © ALL 
ALL 
ALL 
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ALL 
ALL 
ALL 
LL 
ALL 
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Coss Output Capacitance p {= 1.0 MHz 
Crs Reverse Transfer Capacitance | ALL See Fig. 10 


CHARACTERISTIC TYPE | MIN. | TYP. /MAX. | UNITS TEST CONDITIONS 
Is Continuous Source Current ALL Modified MOSFET symbol showing ° 
(Body Diode) the integral reverse 
A p-n junction rectifier. 
a 
lon Pulsed Source Current ALL 
(Body Diode) . 8 
Vso Diode Forward Voltage (4) ALL. bo bee Eo ee Ty = 25°C, Is = 4.6 A, Vas = OV 
tr Reverse Recovery Ti A 
PE cane era DOCOMO MND Sd AU Oe OE AON OSE) oc eve< aaa aah=cos ie 
Qar Reverse Recovery Charge 0.30 | 0.72 } 18 | wc | 
i 


to Forward Turn-On Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 


THERMAL RESISTANCE : 


R Junction-to-Case A 


Ei 


oc cT-[-[=)] 


@ Pulse Width < 300 ys; Duty Cycle < 2%.  () Voo = 10 V. Starting Ts = 25°C, ©} Mounting pad must cover heatsink surface 
; L = 6.18 MH, Ro = 50, Peak It = 4.6 A. ~ area. See Case Style drawing on front page. 
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IRFR220, IRFR221, [RFR222, [RFU220, IRFU221, IRFU222 


The information shown on the following graphs applies also to the IRFU devices. 
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Fig. 1 - Typical output characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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Ip, DRAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Coss * Cog 
Coss = Cus * Ugg Coq / (gg + Cgg) 


CAPACITANCE (pF) 


Cc, 
Ves GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 16 


1 e 5 10 2 5 10¢ 0 2 4 6 8 10 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) . Qg, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFR220, IRFR221, [RFU220, IRFU221 
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Ros (on) > 


Fig. 12 — Typical on-resistance vs. drain current 
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Fig. 14b — unclamped inductive waveforms 
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Fig. 16a — Basic gate charge waveform 


5.0 


eee SAAS 
cf 


IRFR220,221 
IRFU220,221 


3.0 


IRFR222 


IRFU222 
2.0 


Ip. ORAIN CURRENT (AMPERES) 
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Tc. CASE TEMPERATURE (°C) 


Fig. 13 — Maximum drain current vs. case 
temperature 
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Fig. 15a — switching time test circuit 
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Fig. 15b — switching time waveforms 
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Fig. 16b — Gate charge test circuit 
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POWER MOSFETs 


IRFR320/321/322 
IRFU320/321/322 


N-Channel Power MOSFETs 


i HARRIS 


August 1991 | | Avalanche-Energy-Rated 
Features Packages 
IRFU320/321/322 TO-251AA 

e 2.6A and 3.1A, 350V and 400V TOP VIEW 
° rpS(on) = 1.802 and 2.50 

eee SOURCE 
e Single Pulse Avalanche Energy Rated DRAIN | 

TAB —_—_——__ DRAIN 


¢ SOA is Power-Dissipation Limited 5 GATE 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


© High Input Impedance | IRFR320/321/322 TO-252AA 
TOP VIEW 
1] SOURCE 
ee DRAIN 
Description TABT ~] DRAIN 
The IRFR320, IRFR321, IRFR322, IRFU320, IRFU321 and CP _ GATE 


IRFU322 are advanced power MOSFETs designed, tested, — 
and guaranteed to withstand a specified level of energy in 


the breakdown avalanche mode of operation. These are Terminal Diagram 

n-channel enhancement-mode _ silicon gate power 

field-effect transistors designed for applications such as N-CHANNEL ENHANCEMENT MODE 
switching regulators, switching converters, motor drivers, 

relay drivers, and drivers for high-power bipolar switching D 


transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 


The IRFU series is supplied in the TO-251AA plastic G 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 


Because of space limitations branding (marking) on type Ss 
IRFR320 is IRF320, IRFR321 is IFR321, IRFR322 is 

IRF322, IRFU320 is IFU320 and IRFU321 is IFU321, 

IRFU322 is IFU322. 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


IRFU320/321 IRFU322 
IRFR320/321 IRFR322 UNITS 
Continuous Drain Current 
TSS 2o°G . Susser ecekde ties ever are sessas ID 3.1 2.6 A 
TGS 1009C: ion ceeeticadsooace iat ddciwidedessees tameiad Ip 2.0 1.7 A 
Pulsed Drain CUnent essa iia dawiwkad pees as veaeemed Gee os IDM 12 10 A 
Gate=Source Voltage ai sicvcwd vaccines nce wou absense os a0e ee VGs _ +20 +20 V 
Maximum Power Dissipation 
VCS 2S Cia. eek 5S Baa a Raw O85 eateA aa tereee ess Pp 50 50 W 
Linear Derating Factor... ....... cece cnn ancccccccnccccsvecccseces 0.4 0.4 W/°C 
Single Pulse Avalanche Energy Rating (2)...........c0eeeceees Eas 190 190 mJ 
Operating and Storage Junction ......... ccc cece eee eens Ty, TSTG -55 to +150 -55 to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ...........cceeeeeees TL 300 300 . OC 
' (0.063” (1.6mm) from case for 10s) | 
NOTES: 
1. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% 3. Mounting pad must cover heatsink surface area. See Packages. 


2. Vop = 50V, Start Ty = +25°C, L = 3.1mH, Rg = 25N, Peak IL = 3.1A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


| File Number 2412 
Copyright © Harris Corporation 1991 
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Specifications IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 


ve WAR [ONS [Tes ecoNDIIONS 


CHARACTERISTIC TYPE 


BVoss Drain-to-Source Breakdown IRFR321 
Voltage IRFU321 

IRFR320 

IRFU322 

IRFR320 


Vas = OV, Ip = 250 ps 


Ros(on) Static Drain-to-Source 
On-State Resistance () 
Vas =10V, ID =1.7A 
IRFU321 
IRFR322 
IRFU322 
ln(on) = On-State Drain Current q) IRFR320 
IRFU320 
IRFR321 
IRFU321 
IRFR322 
IRFU322 
Ves(th) Gate Threshold Voltage @) ALL 


Forward Transconductance 


Zero-Gate Voltage Drain Current 


Vos > Ip(on) x Ros(on) Max. 
Vas = 10 V 


Vos = Vas, In = 250 pA 
Vos= 50 V, los =1.7A 


Vos = Max. Rating, Vos =0V 
Vos = 0.8 x Max. Rating 
Vos = OV, Ty = 125°C 


= 
~U 


Internal Drain Inductance ALL 


Ro = 56 
See Fig. 15 
(Independent of operating temperature) 


Measured from the drain Modified MOSFET 

lead, 6mm (0.25 in.) from symbol showing the 

package to center of die. internal inductances. 
i°] 


—} a] N _ — 
i CO! po [e) a 


” 
fe Saban CaerToRTGE—[ See Fig. 16. (Independent of operating temperature) =z = 
p ALL Von = 200 V, In = 3.1 A, Ra = 18 oo. 

PAGE 

ate | 

LaAEe: 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 


Internal Source Inductance 


Ves = OV, Vos = 25 V 
= 1.0 MHz 
See Fig. 10 


Input Capacitance 
= Output Capacitance 
Cres Reverse Transfer Capacitance 


CHARACTERISTIC TYP | MIN. | TYP. 


UNITS TEST CONDITIONS 


ase 


> 
r 
ry 


> 
T 
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Modified MOSFET symbol showing 
the integral reverse 


Continuous Source Current 
(Body Diode) 


Pulsed Source Current ALL 
(Body Diode) 


eee RESISTANCE 


Junction-to-Case 


Case-to-Sink 
Junction-to-Ambient 


a Pulse Width < 300 ys; Duty Cycle = 2%. (©) Von = 50V, Starting Ty = 25°C, -@ Mounting pad must cover heatsink surface 
L = 3.1 mH, Ro = 250, Peak... =3.1A. area. See Case Style drawing on front page. 


p-n junction rectifier. 


Ty = 25°C, Is = 3.1 A, Vas =0V 
eee Ts = 25°C, le = 3.1 A, di/dt = 100 A/ps 


= 
nN 
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=| PO 
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°C/W_ | Typical solder mount G) 
Typical socket mount 
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Ip. ORAIN CURRENT (AMPERES) 


Th. DRAIN CURRENT (AMPERES) 


“THERMAL RESPONSE (Zhe) 


IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 


The information shown on the following graphs applies also to the IRFU devices. 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 
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Fig. 12 — Typical on-resistance vs. drain current 
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Fig. 14b — unclamped inductive waveforms 


Fig. 16a — Basic gate charge waveform 


IRFR320,3 
IRFU3 20,3 
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Tc CASE TEMPERATURE (DEG °C) 


Fig. 13 — Maximum drain current vs. case 
temperature 
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PULSE WIDTH < 12S 
DUTY FACTOR < 0.1% 


Fig. 15a — switching time test circuit 
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Fig. 16b — Gate charge test circuit 
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HARRIS IRFR420/421/422 
IRFU420/421/422 


N-Channel Power MOSFETs 


August 1991 Avalanche-Energy-Rated 
Features Packages 
2 IRFU420/421/422 TO-251AA 
2.2A and 2.5A, 450V and 500V TOP VIEW 


* DS(on) = 3-02 and 4.02 


3 SOURCE 
® Single Pulse Avalanche Energy Rated ee ny DRAIN 


¢ SOA is Power-Dissipation Limited oS GATE 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance IRFR420/421/422 TO-252AA 
TOP VIEW 


ey 


SOURCE 
Be ods DRAIN 
Description TABT DRAIN 
The IRFR420, IRFR421, IRFR422, IRFU420, IRFU421 and GATE 


IRFU422 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 


* 

-— 

LL 

the breakdown avalanche mode of operation. These are Terminal Diagram i 7) 
n-channel enhancement-mode silicon gate power =< 
field-effect transistors designed for applications such as N-CHANNEL ENHANCEMENT MODE - cr. 
switching regulators, switching converters, motor drivers, as = 
o. 


relay drivers, and drivers for high-power bipolar switching 


D 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 
The IRFU series is supplied in the TO-251AA plastic G 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 
S 


Because of space limitations branding (marking) on type 
IRFR420 is IRF420, IRFR421 is IFR421, IRFR422. is 
IRF422, IRFU420 is IFU420 and IRFU421 is IFU421, 
IRFU422 is IFU422. 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


IRFU420/421 IRFU422 
IRFR420/421 IRFR422 UNITS 
Continuous Drain Current 
TG 250 C wai us cae Meee te eto there a eeindaa Sees seabenes Ip 2.5 2.2 A 
1G = 100°C Sas etate eee ts cae watte cidinemesee se sean Ip 1.6 1.4 A 
Pulsed Drain Current sc cecs tals eee ae andes sakaa sO geg ote eared IDM 8 ae A 
Gate=Source Voltage: siascsx oe vieeennseeeeiawesewetoepeeis Ves +20 +20 V 
Maximum Power Dissipation 
TE 25°C iu aemis ate newindian Seeminaeenbevenaaie hones 50 50 WwW 
Linear: Derating Factor. cowie vawciun ska cag woe ewan huewseanwe sate 0.4 0.4 W/9C 
Single Pulse Avalanche Energy Rating (2)...........cccceeeees Eas 210 210 mJ 
Operating and Storage Junction ...... 0... cece eee ewes Ty, TSTG -55 to +150 -55 to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering .............ceeeeeee TL 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1, Pulse Test: Pulse width < 300us, Duty Cycle < 2% 3. Mounting pad must cover heatsink surface area. See Packages. 
2. Vop = SOV, Start Ty = +25°C, L = 6O0mH, Rg = 250, Peak IL = 2.5A 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. - File Number 9A 1 
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Specifications IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 
ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 


CHARACTERISTIC TYPE |MIN. | TYP. | MAX. | UNITS TEST CONDITIONS 


BVoss Drain-to-Source Breakdown 
Voltage 


IRFU420 
IRFU422 
IRFR420 
IRFR421 
IRFU420 
IRFU421 


Ros(on) Static Drain-to-Source 
On-State Resistance @ 


In(on) On-State Drain Current @ 


IRFU422 


Vas(th) Gate Threshold Voltage 
of. Forward Transconductance @® 


loss Zero-Gate Voltage Drain Current 


[ay Total Gate Charge AT 
oa 


ALL 

Qea Gate-to-Drain (“Miller”) Charge 
ts(on) | Turn-On Delay Time 
t, Rise Time 
ta(off) | Turn-Off Delay Time 
tr Fail Time 
Lo Internal Drain Inductance 


Internal Source Inductance 


C; Input Capacitance 


td 
Coss Output Capacitance 
Cres Reverse Transfer Capacitance 


Continuous Source Current 
(Body Diode) 


Isu Pulsed Source Current 
(Body Diode) 


THERMAL RESISTANCE 


R Junction-to-Case 


Ves = 0 V, lo = 250 pA 


Ves=10V,lb=13A 


Vos > lo(on) x Ros(on) Max. 
Vas = 10 V 


V_| Vos = Vos, Ip = 250 pA 


Vos= 50V, los = 1.4A 

Vos = Max. Rating, Vas = 0 V 

Vos = 0.8 x Max. Rating 

Vas = OV, Ty = 125°C 

Vas = 20 V 

Vas = -20 V 

Ves =10V, lo =25A 

Vos = 0.8 x Max. Rating 

See Fig. 16. (Independent of operating temperature) 
Von = 250 V, lo ™ 2.5 A, Ra = 189 

Ro = 100 

See Fig. 15 

(Independent of operating temperature) 


Modified MOSFET 
symbol showing the 
internal inductances. 


3 


=] . J 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 


. 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 


7. 


Vas = 0 V, Vos = 25 V 
f = 1.0 MHz 
See Fig. 10 


t 
> 


> wal on 
on rn] o 


+ 
< 
v 


no 
~d 


UNITS TEST CONDITIONS 


Modified MOSFET symbol showing 
the integral reverse 
p-n junction rectifier. 


Ty = 25°C, Ils = 2.5 A, Vas= OV 


Ts = 25°C, le = 2.5 A, di/dt = 100 A/us 


.~ 


ntrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 


°C/W _ | Typical solder mount © 


6c 
Récs Case-to-Sink 
Rea Junction-to-Ambient 


© Pulse Width < 300 ps; Duty Cycle < 2%. 


@® Von = 50 V, Starting Ts = 25°C, 
L = 60 mH, Re = 25Q, Peak hk = 2.5A. 


Typical socket mount 


©) Mounting pad must cover heatsink surface 
area, See Case Style drawing on front page. 
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Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


THERMAL RESPONSE (Z4 Jc) 


IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 
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Vos. ORAIN- T0- oSOURCE VOLTAGE *(VOLTS) 


Fig. 1 - Typical output characteristics. 


Vps ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 


"DUTY FACTOR, D=ty/to 
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t,, RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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N-CHANNEL 
POWER MOSFETs 


IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, [RFU422 
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TRANSCONDUCTANCE (SIEMENS) 
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Ip. ORAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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BVpgg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


0.75 
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Ty. JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Igp. REVERSE ORAIN CURRENT (AMPERES) 
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Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Fig. 12 — Typical on-resistance vs. drain current 
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Fig. 14b — unclamped inductive waveforms 
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Fig. 13 — Maximum drain current vs. case 
temperature 
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Fig. 15a — switching time test circuit 
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Fig. 15b — switching time waveforms 
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POWER MOSFETs 


™ HARRIS 


August 1991 


Features 

e 1A, 80V and 100V 

° RDS(on) = 1-22 

e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


© Majority Carrier Device 


RFL1NO08 
RFL1N10 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-205AF 


SOURCE GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Description 4 
The RFL1NO8 and RFL1N10 are n-channel enhancement 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- G 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 
The RFL-series types are supplied in the JEDEC TO-205AF S 
metal package. . 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
| RFL1NO8 RFL1N10 UNITS 

Diain=SOurce VONAGE: ccc cas huca das in neds tied nie teeta ed weeces Vpss 80 100 V 
Drain~Gate Voltage (RGS = 1MQQ) 0... cc eee cece eee cece rere een eens VDGR 80 100 V 
Gate-Source Voltage ..... a ek iat ne aia wave Deki Rea aiwars ree ee Vas +20 +20 V 
Drain: Current, RMS Continuous inne ecc ce te te cece t ie br cee acy ee eenneeee ID 1 1 A 

PUISCE ociricuniecarcsedeud Lee eG oi cuuriie Dee Wade damonthds auG eet s IDM 5 5 A 
Power Dissipation Total @ TG = 259C. cece ccc cece eet e eter eee ne nee Pp 8.33 8.33 W 

Derating Above Te = 29°C a5 ih oh cot ieeeetys sane sensi hewawes axwaes 0.0667 0.0667 W/9CG 
Operating and Storage Junction Temperature Range...........c0ee- Ty, TSTG -55 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procdures should be followed. 
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Specifications RFL1NO8, RFL1N10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS | MIN. | MAX — | MIN. | MAX | UNITS 
cat-Twostodvetage | vasa [Ves=Vos-o=200a| 2 | « | 2 | « | v_ 
Zero-Gate Voltage Drain Current Ipss Vps = 65V Pie ae ed 
vos=ov | - | 

water | fo | | 

Vps = 65V pA 

a ie ee ee 
[Gate-Soucotsskagecurent | toss [Ves=#20uvos=-0 | - | 100 
Drain-Source On-Voltage VpbS(on)* Ip = 1A, Vag = 10V Eee 


Ip = 2A, VEg = 10V - 


Static Drain-Source On Resistance Ip = 1A, Ves =10V poe | aa 
Forward Transconductance Hatst | ID = 1A, Vps = 10V i ee 4 
pciss 


co 
Co 
< 


Input Capacitance 


Output Capacitance 


no 


w 
ro) 
Sc 
= 
w 
ro) 
< 
= 


Reverse-Transfer Capacitance 


Turn-On Delay Time td(on) 


—_ 
~J 
< 
= 


Ip = 1A, Vpp = 50V 
R =Res = 500 


Turn-Off Delay Time 


Fall Time 


45 


o]o 
om me) 
Si< 
SPS 


Thermal Resistance Junction-to-Case 


_ 
oa 


1) ae 
Or he) 
” 
VDIBDIBIiIalo 
TAPNINIC 


OC/W 


LIMITS 
RFL1NO8 RFLIN10 


CHARACTERISTIC 


a ee ee ee ee 


Diode Reverse Recovery Time 100 (typ) ]100 (typ) [100 (typ) [100 (typ) 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFL1NO8, RFL1N10 


OPERATION IN THIS 
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Maximum operating areas for all types. : 


Fig 1 - 


—fk 


fo) 
OHSSYHL 3LV9 O3ZIIVAHO! 


BATIILINN NOTIBdISSIO Y3a0d 


9208-34347 


92CS-35173 


JUNCTION TEMPERATURE (Ty) —°C 
GATE-TO~-SOURCE VOLTAGE (Vgg) -V 


PULSE TEST 
PULSE DURATION=80us 
DUTY CYCLE < 2% 


of junction temperature for all types. 
Vps7!0 V 


Fig. 3 - Typical normalized gate threshold voltage as a function 
Fig. 5 - Typical transfer characteristics for all types. 
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160 
FOW_160 


126 


92CS-34352 


°c 


6 


7 
CASE TEMPERATURE (Tc) - 
JUNCTION TEMPERATURE (T,)—°C 


Power dissipation vs. temperature derating curve 


for all types. 


perature for all types. 


((¥°)S0,] 3onvisisay NO 
33YNOS —OL-NIVYO GSZIIVANYON 


Fig. 2 
Fig. 4 - Normalized drain-to-source on resistance to junction tem- 


RFL1NO8, RFL1N10 


PULSE TEST 

PULSE DURATION =80xus 

DUTY CYCLE < 20% 

CASE TEMPERATURE (Tc )= 25°C 


Vps — Volts 
Vos — Volts 


DRAIN CURRENT (Ip 


Ig (REF) 
Iq (REF) 0 —_— 
Ig (ACT) 6 
IGAAEN DRAIN- TO-SOURCE VOLTAGE (VpoJ— V 
TIME — Microseconds gece avear 92CS-35175 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 


PULSE DURATION= 80us 
DUTY CYCLE <2% 
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ORAIN -TO- SOURCE ON RESISTANCE 


N-CHANNEL 
POWER MOSFETs 
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DRAIN CURRENT (Zp)-A ooo. size DRAIN-TO-SOURCE VOLTAGE (Vpg)-V 
92CS- 36158 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage 
drain current for all types. for all types. 
Vps stOV 5002 


PULSE TEST 
PULSE DURATION=80us 
DUTY CYCLE <2% 


TO SCOPE 


KELVIN 
CONTACT 


FORWARD TRANSCONDUCTANCE (gfs) — mmho 


aa 92CS-37366 


Fig. 10 - Typical forward transconductance as a function of Fig. 11 - Switching Time Test Circuit. 
drain current for all types. , 
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ti HARRIS _ RFL1N12 
 RFL1N15 


| | N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features | Package 
e 1A, 120V and 150V 

® rps(on) = 1.92 | 
e SOA is Power-Dissipation Limited SOURCE al 


_ TO-20S5AF 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


© Majority Carrier Device 


Description 


The RFLIN12 and  RFLIN15 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transistors 


designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE 
switching converters, motor drivers, relay drivers, and drivers . 
for high-power bipolar switching transistors requiring high D 


speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. | G 


Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFL1N12 - RFLIN15 UNITS 

Drain=SOurCe VOAGS: sii ecs:ciscee scissor weale WO ae ews Gace ele eee Voss 120 150 V 
Drain-Gate Voltage (RGS = 1M2) ........... ee eee eee ene VDGR 420 150 V 
Continuous Drain Current......... ccc cece cee cece enennecuenes ID 1A 1A A 
Pulsed Drain GUITCWE 5:66 dod ieacne ones Bie dich dee neea enue IDM 5 5 A 
Gate=Source Voltage’ s.s:52:0ssi. catia sass edie seaweeds Vas +20 +20 V 
Maximum Power Dissipation ; 

NOH 4289 ng awe as eie as cenauedeves oceumatuees seuee Pp 8.33 8.33 W 
Linear Derating Patol is einiw ied ache di tawes bald ePieanieseeees 0.0667 0.0667 W/°C 
Operating and Storage Temperature ............eeeeeeee Ty, TSTG -55 to +150 -55to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 444.1 
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Specifications RFL1N12, RFL1N15 


Electrical Characteristics (Tc = +25°9C), Unless Otherwise Specified 


SYMBOLS 


LIMITS 
RFLIN12 RFLIN15 


CHARACTERISTIC TEST CONDITIONS UNITS 


< 


lida ad lL 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vag =0 
Gate-Threshold Voltage VGS(th) Ves =Vps. |p =2mA 


To = +1259C 
Vps = 100V 
Vps = 120V 


Zero-Gate Voltage Drain Current 1 


10 100 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


ww 
oll ie) 


— | oO | — 
oO | &® | & 


Ip = 1A, V@s = 10V 

Ip = 2A, Vag = 10V f= | ; 
'DS(on)~ Ip = 1A, Vas = 10V 

ID = 1A, Vps = 10V 


Vas = OV, Vos = 25V 
f= 1MHz 


Static Drain-Source On Resistance 


aa 


Ip = 1A, Vop = 75V 
RGEN = Res = 502 
Vas =10V 


es 
ee 
[rained 


” 
0D JO TU [~ 


OC/W 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFLIN12 RFLIN1IS 
SYMBOLS 


Diode Reverse Recovery Time 


* Pulsed: Pulse duration = 300ps max., duty cycle = 2%. 
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RFL1IN12, RFL7N15 
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Fig. 1 — Maximum operating areas for all types. 
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JUNCTION TEMPERATURE (T,) —°c 
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160 
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126 
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CASE TEMPERATURE (Tc) - 


92CS-34347 


l2 
-Vv 
92CS-34354RI 


10 


CASE TEMPERATURE 
GATE-TO-SOURCE VOLTAGE ( Vgg) 


PULSE DURATION=80ys. 


Vps*!2V PULSE TEST 
DUTY CYCLE < 2 % 


w “ o - - 


“w ca) 
y—[6 4907 ] inaguuno NivuGa 3LvLS-NO 


Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


92CS-34352 


JUNCTION TEMPERATURE (T,)—°C 


for all types. 


Fig. 2 — Power dissipation vs. case temperature derating curve 


Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- 


perature for all types. 
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Fig. 8. Typical drain-to-source on resistance as a function of 
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Fig. 10. Typical forward transconductance as a function of drain 


current for all types. 
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PULSE TEST: 
PULSE DURATION =80ys++44 


DRAIN CURRENT(Ip)-A 


3 4 6 
DRAIN-TO-SOURCE VOLTAGE (Vp —-V 
92CS-34349RI 


nN 


Fig. 7. Typical saturation characteristics for all types. 
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Fig. 9. Capacitance as a function of drain-to-source volt- 
age for all types. 
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Fig. 11. Switching Time Test Circuit. 


M HARRIS —  RFL1N18 
 RFL1N20 


N-Channel Enhancement-Mode 


August 1991 os — Power Field-Effect Transistors 
Features — 7 Package 
TO-205AF 

e 1A, 180V and 200V BOTTOM VIEW 
° rps(on) = 3.652. 
e SOA is Power-Dissipation Limited ete GATE 
e Nanosecond Switching Speeds 5 
e Linear Transfer Characteristics . 5 
e High Input Impedance DRAIN 

(CASE) 


e Majority Carrier Device 


Description 


The RFL1N18 and RFL1N20 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 


Terminal Diagram 


applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed D 


and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. | G 


Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFL1N18 _ RFLIN20 UNITS 

Drain-Source Voltage .......... aanedeekd oa udaeeenchenueses Vpss 180 | ~ 200 V 
Drain-Gate Voltage (RGS = 1MQ) ....... eee eee ee eeeeeceees VOGR 180 200 Vv 
Continuous Drain Current..........0ccccceceeceuccueseetecees Ip 4: 1 A 
Pulsed Drain Current .icscs% teen cece ses bates anaes taies IDM 5 5 A 
Gate=Source Voltage: .i..06 sess haw sencas cies 6 dase dewseeies ds Vas +20 +20 V 
Maximum Power Dissipation 

GS 209 Gs ousGecadatiee oe naniieaeths ce seemed bautee alt Pp 8.33 8.33 W 

Derate Above TG = +259C ..... cece cece eect eee eneeeenenes 0.0667 0.0667 W/°CG 
Operating and Storage Temperature ...........00ceeces Ty, TSTG -55 to +150 -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 44 | 
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Specifications RFL1N18, RFL2N20 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 


RFL1IN18 RFL2N20 
TEST CONDITIONS UNITS 
Ip = 1mA, Ves =0 180 V 
1 


CHARACTERISTIC SYMBOLS 


VGS(th) Vas=Vps;!p = 2mA 
Vos = 145V 


Vps = 160V 


Zero-Gate Voltage Drain Current 


To = +125°C 
Vps = 145V 


Vps = 160V 


Gate-Source Leakage Current Iass Ves = +20V, Vps =0 


Drain-Source On-Voltage 


100 
VDS(on)* ID = 1A, Vas = 10V 3.65 
Thermal Resistance Junction-to-Case fRuc = SC sts—s—sSY 
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Source-Drain Diode Ratings and Characteristics 
LIMITS 


Lwin [imax [rain | ax _| 
oe ee ee eee 


Diode Reverse Recovery Time ter IF =2A 200 (typ) |200 (typ) {200 (typ) |200 (typ) 
djF/dt = 50A/ys ; 


* Pulsed: Pulse duration = 300ys max., duty cycle = 2%. 


CHARACTERISTIC TEST CONDITIONS 
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N-CHANNEL 
POWER MOSFETs 


RFL1N18, RFL1N20 


5 

10. Soo —j—] é 

= 

wae anes 
wn gal | 
; ll ne 
| as hall 
AA nue -—f-—~ 
c Ft =e 
S E 8 
iui i Pe 
s imi 
= h 
0.1 BED — a 
= ti 
x ae 
& i ce 

| z 

fil z 

aw 
[vag 
0.01 
{ 10 ; 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS RELINIS 


Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. case temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFL1N78, RFL1N20 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN~-7260. 
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drain current for all types. 
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Features 

e 2A, 50V and 60V 

¢ RpS(on) = 0.95 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The RFL2NOS and RFL2NO6 are n-channel enhancement 
mode silicon-gate power field-effect transistors designed for 


applications such as_ switching 


switching 


converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 


from integrated circuits. | 


The RFL-series types are supplied in the JEDEC TO-205AF 


metal package. 


RFL2NO5 
RFL2NO6G 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-205AF 


SOURCE GATE 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 


Absolute Maximum Ratings (To = +25°C), Unless Otherwise Specified 


Drain-Source Voltage ....... cc cccccecccccccccrens 
Drain-Gate Voltage (RG@S = 1MM).................. 
Gate=Source Voltage ..cs ce see asse ee cairo se eee ee ewd caer 
Drain Current, RMS Continuous 2.0... ... cece cece eee reece cence cecerees ID 2 2 

PUISEO Gace cotanios tree eseie (ods ceacat eae aeods beeen | 
Power Dissipation Total @ TG = 259C... cee ccc cere cece cer eee e eens 

Derating Above 16 = 2596 ees iveceiieies tet wdwkwenwc te neeeeiwwew tases 
Operating and Storage Junction Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
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Vpss 50 60 
VDGR 50 60 


Ty, TSTG -55 to +150 ~55 to +150 


RFL2NO5S RFL2NO6 


= Cc 
6BE>><<< & 
© 7) 


File Number 1497.1 


Specifications RFL2NO5, RFL2NO6 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 
RFL2NO5 RFL2NO6 
SYMBOLS 


CHARACTERISTIC TEST CONDITIONS 


Zero-Gate Voltage Drain Current 


UNITS 


> 


To = +1259C 
Vps = 40V 


>| > 


— 
> 


10 


Gate-Source Leakage Current lass Vas = £20V, Vps =0 
Drain-Source On-Voltage VDS(on)* Ip = 1A, Vag = 10V 
Ip = 2A, Vas = 10V - 2.0 
* 


Ip = 4A, Ves = 15V 


Static Drain-Source On Resistance 'DS(on) Ip = 1A, Vag = 10V a 


i) 
a) 


a 
fgen Reson 

Turn-Off Delay Time 
x 


Thermal Resistance Junction-to-Case Resc ee Later of 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFL2NO5 RFL2NO6 
SYMBOLS 


CHARACTERISTIC 


Diode Forward Voltage 
Diode Reverse Recovery Time I-F=2A 


djF/dt = 50A/us 


* Pulsed: Pulse duration < 300us max., duty cycle < 2%. 
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N-CHANNEL 
POWER MOSFETs 


RFL2NO5, RFLZNO6 


w 
fod 
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[ong 
Ww 
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10 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 
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01 
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Fig. 1 — Maximum operating areas for all types. 
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JUNCTION TEMPERATURE (Ty) —°C 


Soeseanal-) 


SOVLIIOA GIOHSSSHL 3LV9 GAZI IVAYON 


100 125 150 
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CASE TEMPERATURE (Tc) - °C 


SATII LINN NOILBdISSIO Y3Aod 


92CS- 37099 


GATE- TO-SOURCE VOLTAGE (Vgs) —V 


PULSE DURATION= 80 4S 


Vps*!0 V PULSE TEST 
DUTY CYCLE <2% 


N 
v—[(vo)z]|1Nauuno NivuG 3LvLS-NO 


Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


JUNCTION TEMPERATURE (Ty) —°C 


curve for all types. 


JONVLSISSY NO 39YNOS-OL-NIVYO O3ZIIVNYON 


; Fig. 2 — Power dissipation vs. case temperature derating 


92CS-3710i 


92CS-37100 


Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 — Normalized drain-to-source on resistance to junction 


temperature for all types. 
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RFL2NO5, RFLZ2NO6 


SOURCE 
VOLTAGE 


oN 


Volts 


\ 
\ 


Vos — Volts 
Ves 


ORAIN SOURCE VOLTAGE 


Ig (REF) 
Ig (ACT) 


Ig (REF) 
Ig (ACT) 


TIME — Microseconds 9208-37832 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 and AN-7260. 


Vest lO V 
PULSE TEST 

14] PULSE DURATION 2804S 
DUTY CYCLE S$2% 


ORAIN-TO-SOURCE ON RESISTANCE 
[tpgton y- ohms 


DRAIN CURRENT (Ip)—A 
92CS-37104 


Fig. 8 — Typical drain-to-source on resistance as a function 


of drain current for all types. 


Vps# lO Vv 

1200] PULSE TEST 
PULSE DURATION =80 4S 
OUTY CYCLE <2% 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
1a] PULSE DURATION= 80yuS 
DUTY CYCLE S<2% 
CASE TEMPERATURE (Tc)=25°C 


‘DRAIN CURRENT (Ip)—A 


2 3 4 5 6 7 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
92CS-39103 


Fig. 7 — Typical saturation characteristics for all types. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS-37105 
Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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KELVIN 
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Fig. 11 — Switching Time Test Circuit. 


@ HARRIS 


August 1991 


Features 

e 2A, 80V and 100V 

® rps(on) = 1.052 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The RFP2NO8 and RFP2N10 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 


_ RFP2NO8 
RFP2N10 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-220AB 
TOP VIEW 
DRAIN ried 
a SOURCE 
(FLANGE) ns DRAIN 
L. > GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


power bipolar switching transistors requiring high speed and D 
low gate-drive power. These types can be operated directly 
from integrated circuits. 
The RFP-types are supplied in the JEDEC TO-220AB plastic | 
package. G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP2NO8 RFP2N10 UNITS 

Drain-Source VoiNage ois cccue tak siiew seieb eaciewdn wen canes Voss 80 100 V 
Drain-Gate Voltage (RGS = 1M) ...... ence cece eee eee eee VpDGR 80 100 V 
RMS Continuous Drain Current 

VES F259 GS cs Fite ee hewn er eiee iced cease de Ip 2 2 A 
Pulsed Drain Current...........ceeeeeevees Pee Cee ee IDM 5 5 A 
Gate-to-Source Voltage... 2... ccs ccasnescccccecescenscence Ves +20 +20 V 
Maximum Power Dissipation 

AY Sein og Ree ee eer en Pe er eee ree Pp 25 25 W 

T2589 C os vn cgse deta a oka aha gee negate awinate need ese: 0.2 | 0.2 W/9C 
Operating and Storage Junction ........ cece eee eee ees Ty, TSTG -55 to +150 ~55 to +150 °C 

Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number y) 8 8 3 
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Specifications RFP2N0O8, RFP2N10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 
RFP2NO08 RFP2N10 


100 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


UNITS 


Zero-Gate Voltage Drain Current 


To = +1259C 
Vps = 65V 


100. 


Gate-Source Leakage Current 100 n 


Drain-Source On-Voltage 1.05 


= 08 


1.05 


o 
oO 
i¢ 


xe) 


1.05 


Forward Transconductance 
Input Capacitance Ciss 


Ves = OV, Vps = 25V 


f= 1MHz 


Output Capacitance Coss 


a : 


Reverse Transfer Capacitance Crss es 
Ip = 1A, Vpop = 50V 17 (typ) | 25 


—_ 
“J 
~~ 
ez 
2 


Turn-On Delay Time td(on) 
Turn-Off Delay Time td (off) 


N-CHANNEL 
POWER MOSFETs 


G) 

oO 
~~ 

mn 
< 
A?) 
— 


Roen= Fos =s0n 
ene 


(¢) 
[@) 
~~, 
ms 
BS) 


Sfs* 
tr 
tf 


—_ 

N 
Fed 
Ss 
re) 
~~ 


” 
Do I~ 


Fall Time | 


Thermal Resistance Junction-to-Case ReJc 


°C/W 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFP2NO08 RFP2N10 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Isp =-1A 


Diode Forward Voltage Vsp* 
r 


Diode Reverse Recovery Time tr IF = 2A 


djF/dt = SOA/ys 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFP2NO8, RFP2N10 


CASE TEMPERATURE IRE_(To)=25°C 


OPERATION IN THIS AREA 


— LIMITED BY Rdelon)- 
= 
ae —— 
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Li 

ao 
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> 
©0.10 
rar 

x 

a 

ras] 


DRAIN-TO- SOURCE VOLTAGE (Vds) - VOLTS 


0.01 
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Fig. 1 - Maximum operating areas for all types. 


POWER DISSIPATION MULTIPLIER 


25 50 75 
_ CASE TEMPERATURE (Tc) - °C 


Fig. 2 - Normalized power dissipation vs. temperature derating 
curve 
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100 150. 
JUNCTION TEMPERATURE (T,)~°C 
92CS-34352 


. Fig. 4 - Normalized drain-to-source on resistance to janetOn tem- 


paleies for all types. 


Mescrn] 


NORMALIZED GATE THRESHOLD VOLTAGE 


0.6 iousauescun 


JUNCTION TEMPERATURE (T,) —°C 
92CS-34347 


Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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PULSE TEST 
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OUTY CYCLE < 2% 
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GATE-TO-SOURCE VOLTAGE (Veg) = 
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Fig. 5 - Typical transfer characteristics for all types. 
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RFP2NO8, RFP2N10 


PULSE TEST 

PULSE DURATION =60us 

DUTY CYCLE < 20% 

CASE TEMPERATURE (Tc )= 25°C 
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G Tide = Wicioseconds DRAIN- TO~SOURCE VOLTAGE (Vod—- Vv 
92CS-37637 92CS-35175 
Fig. 6 - Normalized switching wavetorms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage 
drain current for all types. for all types. 
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{ DUTY CYCLE < 2 
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DRAIN CURRENT (Ip y—A 92CS-35178 
Fig. 10 - Typical forward transconductance as a function of Fig. 11 - Switching Time Test Circuit. 


drain current for all types. 
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August 1991 


Features 

e 2A, 120V and 150V 

© rps(on) = 1.7520 

e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFP2N12 and RFP2N15 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


RFP2N12 
RFP2N15 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-220AB 
TOP VIEW 
DRAIN ar 
hi ————— 
(FLANGE) SOURCE 


ie 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage ........cccccccccccccccnccecs eer or. Vpss 
Drain-Gate Voltage (RGS = 1MQQ) ... cc eee cece et eee eens VDGR 
Continuous Drain Current. ........c cece cece ccc nc nsec eeeenees Ip 
Pulsed Drain: Curment..s2 isdev onside devas weed aaa dees IDM 
Gate-Source VONaGE: ss sida tine ness cen ceNeneeeinssasi es Ves 
Maximum Power Dissipation 

TES A2OCS chee asa beet muse eeoeetae eases Pp 

Derate Above TG = +2590 fo ciee cases tote sea veentenne webs 
Operating and Storage Temperature ..........eeeeeeenee Ty, TSTG 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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D 
G 
Ss 
RFP2N12 RFP2N15 UNITS 
120 150 V 
120 150 V 
2 2 A 
5 5 A 
+20 +20 V 
25 25 W 
0.2 0.2 W/°C 
-55 to +150 -55to +150 oC 
File Number 2882 


Specifications RFP2N12, RFP2N15 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas =0 120 
Gate-Threshold Voltage VGSith) Ves =Vps.!p = 2mA | 


Zero-Gate Voltage Drain Current Vps = 100V 
. Vps = 120V 
To = +1259C 


Vps = 100V 
Vps = 120V 


Drain-Source On-Voltage VpbS(on)* ; 
a eee re 

Static Drain-Source On Resistance 

Forward Transconductance Ip = 1A, Vps = 10V 


Raen Ras fon 
Thermal Resistance Junction-to-Case i 


—_ 

N 
< 
G 
—£* 


@ 
oO 
< 
Ae) 
— 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC SYMBOLS 


Diode Forward Voltage 


ee eee 
Diode Reverse Recovery Time ter 
dif/dt = 50A/ps 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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POWER MOSFETs 


RFP2N12, RFP2N15 


IMITED BY Rdelon) 
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Fig. 1 — Maximum operating areas for all types. 
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Fig. 3 — Typical normalized gate threshold voltage as a function 


ig. 2 - Normalized power dissipation vs temperature derating curve. 


of junction temperature for all types. 


(To) 125°C 
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-TO-SOURCE VOLTAGE ( Vgs)—V 
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PULSE DURATION= 80 ys. 
GATE 


Vos" !2V PULSE TEST 


DUTY CYCLE 


N 


a 
y—[("9)07 ] ina 


YND Niveyd 31VLS-NO 
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Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- 


perature for all types. 
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RFP2N12, RFP2N15 


VOLTAGE 


Volts 


Vos — Volts 
Yos 


ao GlREA Ig (REF) 
1g (ACT) 


TIME — Microseconds 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 


drain current for all types. 


Vos lO V 

PULSE TEST 

PULSE DURATION: 80,ys 
DUTY CYCLE <2% 


fe} 
£ 

E 

E 

| 

S 
Ww 
Oo 
Zz 
ad 
6) 
2 
Qa 
z 
OQ 
oO 
” 
z 
< 
a 
re 
Q 
= 
Ss 
x 
fe) 
w 


i¢) 0.5 | 1.5 25 
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Fig. 10 - Typical forward transconductance as a function of 


drain current for all types. 


PULSE TEST: 
PULSE DURATION =*80, 
DUTY CYCLE<2% 


nN 


DRAIN CURRENT(Ip)—A 


DRAIN-TO-SOURCE VOLTAGE (Vp J—V 
92CS-34349RI 


Fig. 7 — Typical saturation characteristics for all types. 


CAPACITANCE (C)—PF 
N-CHANNEL 
POWER MOSFETs 
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DRAIN~TO-SOURCE VOLTAGE (Vps5)-V 
_ 92CS- 36158 
Fig. 9 — Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 — Switching Time Test Circuit. 
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HARRIS _ RFP2N18 
REP2N20 


N- Channel Enhancement-Mode 


August 1991 - | | Power Field-Effect Transistors 
Features Package 
. TO-220AB 
2A, 180V and 200V TOP VIEW 


® rps(on) = 3.50 


e SOA is Power-Dissipation Limited 


DRAIN — 
E———-—— 
¢ Nanosecond Switching Speeds FLANGE ie 
e Linear Transfer Characteristics | ; ee GATE 


¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFP2N18 and RFP2N20- are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transistors 


designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high D 


speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. a G 


S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP2N18 RFP2N20 UNITS 

Drain=SOUlCe VONAGE stat esas eden i iecewcew en eaee cress Voss 180 200 V 
Drain-Gate Voltage (RGS = IMD) ..... cece ee een cece eee VDGR 180 200 Vv 
Continuous Drain Current......... ccc cece cece cee enews eeeees Ip 2 2 A 
Pulsed Drain: Currents:3.:s.%2 sas eet i eaied Sateen eek ees IDM 5 5 A 
Gate-Source Voltage .......... cc ccc cece cerns cerscerscces Ves +20 +20 Vv 
Maximum Power Dissipation 

TO =H +25°C Verse. ow scuews whee seed seae aver rere ree Pp 25 25 W 

Derate Above TG = +2596 2.2... cece eee c eee renee ee eeee 0.2 0.2 W/°C 
Operating and Storage Temperature ............eeeeeeee Tj, TSTG -55 to +150 755 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


File Number 2881 
Copyright © Harris Corporation 1991 e ¢ 
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Specifications RFP2N18, RFP2N20 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 


RFP2N18 


Ip = 1mA, Ves = 0 180 
Gate-Threshold Voltage Ves=Vps)!p = 2mA 
Zero-Gate Voltage Drain Current Ipss Vps = 145V 


Vps = 160V 


CHARACTERISTIC 


To =+1259C 


Vps = 145V 


Vps = 160V 
Vas = £20V, Vps =0 


—_ 
oO = 


Drain-Source On-Voltage VbS\(on)* Ip = 1A, Vag = 10V 


2 
ro) 


Static Drain-Source On Resistance Ip = 1A, Veg = 10V 
Forward Transconductance Ip = 1A, Vps = 10V 


hb 
Oo 


Input Capacitance Vas = OV, Vps = 25V 


: f= 1MHz 
Output Capacitance 


Reverse-Transfer Capacitance 


Turn-On Delay Time Ip = 1A, Vpp = 100V 
RGEN = Regs = 509 
Vas =10V 


_, 
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N-CHANNEL 
POWER MOSFETs 


Rise Time 
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Turn-Off Delay Time 


Fall Time 
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is 
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Thermal Resistance Junction-to-Case 


Source-Drain Diode Ratings and Characteristics 


LIMITS 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Diode Forward Voltage Isp =-1A 
ter 


Diode Reverse Recovery Time IF = 2A 
djp/dt = 50A/ps 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFP2N18, RFP2N20 
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Fig. 1 - Maximum operating areas for all types. 
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PULSE TEST 
PULSE DURATION =80 
DUTY CYCLE <2% 


Vps*!5 V 


v—[(vo) 97) 1ngaynd NIV 31V.S -NO 


Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 
Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 


Fig. 2 - Norma 


RFP2N18, RFP2N20 
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TIME — Microseconds 


92CS37659 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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DRAIN-TO-SOURCE ON RESISTANCE 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 — Switching Time Test Circuit. 
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Features | 

© 3A, 450V and 500V 

* DS(on) = 32 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM38N45 and RFMS3NS50 and the RFP3N45 and 
RFPSN5O are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC TO- 
204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


RFM3N45/3N50 


RFP3N45/3N50 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
TO-204AA 


DRAIN 


‘SOURCE JL (FLANGE) 


GATE 
TO-220AB 
TOP VIEW 
DRAIN ==] 
= ——_=—- 
(FLANGE) SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
G 
) 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFM3N45 RFM3N50 RFP3N45 RFP3N5O UNITS 
Drain-Source Voltage ......... ataabenupacens Vpss 450 500 450 600 V 
Drain-Gate Voltage (RGg =1m) ............ VDGR 450 500 450 500 V 
Continuous Drain Current | | 
RMS Continuous 6 cis ceeei cies deeiiennees ID 3 3 3 3 JA 
Pulsed Drain Current. ........ccceeeeeeeeee es IDM! 5 5 5 5 A 
Gate=Source Volage csi. sowedi secs aeeesins Ves +20 +20 +20 +20 JV 
Maximum Power Dissipation 
NOS 4259 ees hie ed vineia ade ere eee Pp 75 75 60 60 W 
Above Tc = +25°9C, Derate Linearly ........... Pp 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 °C 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 3 84.1 
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Specifications RFM3N45, RFM3N50, RFP3N45, RFP3N50 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T.)=25°C unless otherwise specified 


LIMITS 
RFM3N45 RFM3N50 
RFP3N45 RFP3N50 veer 
Drain-Source Breakdown Voltage ID=1mA 450 (Gee ae V 
Gate-Threshold Voltage Ves(th) Voas=Vps 2 4 V 
lpb=1 mA 
= | | 
LA 
5 


TEST 


CHARACTERISTIC SYMBOL CONDITIONS 


< 
?) 
wn 
i) 


Vos=400 V 
Tc=125° C 


Vos=360 V 
Vos=400 V 


— 
oO 
oO 


Zero-Gate Voltage Drain Current Vps=360 V 
oa Mace te 


0 
ied 
AS) 


4 
10 
50 
0 
3 


500 
2 
1 


Gate-Source Leakage Current "less Ves=+20 V 
Sno soucstensser Coren ao 
Drain-Source On Voltage Vos(on)@ 
Ves=10 V V 
Ip=3 A 10.5 10 
| very | fe] 
ee ee 
Ves=1 OV ” 
nical ise |) | | | ee 
In=1.5 A ZS 
= = 
Cons pFe Ze 
Cree “s 
Voo=250V ——[30(Typ) 
ln=1.5A [40(Typ)| 60 [40(Typ)| 60 _| 
ns 
Roen=Rgs=50 2 
Ves=10 V 75 


Thermal Resistance Junction-to-Case R guc RFM3N45, p= foser f= | ter | 
2.083 2.083 
, nreanso | — [2009] — | 2000 | 


4 Pulsed: Pulse duration=300 ys max., duty cycle=2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


TEST RFM3N45 
CHARACTERISTIC SYMBOL | cGonpiTIons RFEP3N45 


7 l=4.A 
Reverse Recovery Time tr dir/d,=100 A/ys 


“Pulse Test: Width < 300 us, duty cycle < 2%. 


Diode Forward Voltage Iso=1.5A 1.4 
) 
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RFM3N45, RFM3N50, RFP3N45, RFP3N50 


(CURVES MUST BE DENATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 


5d = Ep{ MAX.) CONTINUOUS 


DRAIN CURRENT (Ip)-A 


# THIS AREA IS 
# LIMITED BY 
H os(On) 


| 2 4 6 8 io 2 4 6 8 


DRAIN-TO-SOURCE VOLTAGE (Vos )—V 
92CS- 36062RA1 


Fig. 1 - Maximum operating areas for all types. 
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POWER DISSIPATION (P7)—W 


NORMALIZED GATE THRESHOLD VOLTAGE 


1@] 50 100 150 (e) 50 Kele) 
CASE TEMPERATURE (Tco)—*C_ cane JUNCTION TEMPERATURE (Tj) )—°C — gacg-35163 
Fig. 2 - Power dissipation vs. temperature derating curve Fig. 3 - Typicalnormalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 
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ON- STATE DRAIN CURRENT [Ip(on)]~A 


°, 2. 
JUNCTION TEMPERATURE (T,)—°C GATE-TO- SOURCE VOLTAGE (Vgs)-V 
92CS-35162 92CS-35164 
Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 - Typical transfer characteristics for all types 


perature for all types. 
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RFM3N45, RFM3N50, RFP3N45, RFP3N50 


500 


GATE 
375 SOURCE 
VOLTAGE 


: 2 PULSE TEST 

Saat $ PULSE DURATION: 80ys 

| DUTY CYCLE < 2% 

: 2 CASE TEMPERATURE (Tc )=25°C 
£ 


125 


DRAIN CURRENT(Ip)—A 


Ig (REF) Ig (REF) Core aaeeeenan HH H 
mT, 807 Aer seavssssanasssneae 
. G see Seas sabausuuunu sans UusnaSnaueannnanis 
TIME — Microseconds sucenieas fe) 5 ine) 20 
DRAIN-TO-SOURCE VOLTAGE * pg) V 
92CS-35165 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260 


PULSE TEST : 
PULSE DURATION=80ys: 
DUTY CYCLE < 2% 
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N-CHANNEL 
POWER MOSFETs 
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92CS-35168R1 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage 
drain current for all types. for all types. 
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Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 
drain current for all types. 
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RFP4NO5 
RFP4NO6 


| | N-Channel Enhancement-Mode 
August 1991 : Power Field-Effect Transistors 


it HARRIS 


Features Package 
e 50A, 50V and 60V 
® rps(on) = 0.82 


TO-220AB 
TOP VIEW 


e SOA is Power-Dissipation Limited DRAIN 


e Nanosecond Switching Speeds (FLANGE) 
¢ Linear Transfer Characteristics = 


¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFP4NOS and RFP4NO6 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transistors 


designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high D 


speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFP-series types are supplied in the JEDEC TO-220AB 
plastic package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


| RFP4NO05 RFP4N06 UNITS 
Drain-Source Voltage ..........ccce ccc ceccecceeccesceveces Voss 50 60 V 
Drain-Gate Voltage (RGS = IMD) ..... cece eee e ee wee eee eees VpDGR 50 60 V 
Continuous Drain Current........ cc sce cece cece renee eeenees Ip 4 4 A 
Pulsed Drain Guirent. ns 2502504 secew sake es saen awe sien es IDM 10 10 A 
‘Gate-Source Voltage je sssicivas cia decees abe twas aeew eens Vas +20 +20 Vv 
Maximum Power Dissipation | . 

TG ee Cian. cp che dpebeoarceundayt sae beeaes eto eeiees Pp 25. 25 W 
Linear Derating Factor 5 s2o dc seed os i Sai Soaks Soe hee nine eeeaes 0.2 0.2 W/°C 
Operating and Storage Temperature ............0..0000. Ty TSTG = 55 to +150 -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. - File Number 2 8 80 


Copyright © Harris Corporation 1991 - 
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Specifications RFP4N05, RFP4N0O6 


Electrical Characteristics (Tc = +25°9C), Unless Otherwise Specified 


LIMITS 
‘REP4NO5 RFP4NO6 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Veg =0 


UNITS 
V 


Gate-Threshold Voltage VGSith) Vas =Vps. lp = 1mA 


Vps =40V 

Vps = 50V 

To = +1259C 
Vps = 40V 


less Vas = £20V, Vps =0 


VDS\(on) ID = 1A, Vag = 10V 
Ip = 2A, Vas = 10V 7 
Ip = 4A, Vas = 10V ee, 


P48 
[Saicbran-Sour Onmessance | oan" |Ip=sAvos=10v | - | 08 
: ca T= [eo 


Vv 


Zero-Gate Voltage Drain Current 1 pA 


Gate-Source Leakage Current 100 nA 


Drain-Source On-Voltage 


L Max | 
| 50_ | 
| 100 | 
| 08 | 
2.0 


ne} 


Reverse-Transfer Capacitance Crss 
Turn-On Delay Time 


fo) 
z 
2 


Ip = 1A, Vpp = 30V 
RGEN =Res = 500 
Vas =10V 


Sfs* 
Turn-Off Delay Time 
Thermal Resistance Junction-to-Case Resc be 


* Pulsed: Pulse duration = 300y1s max., duty cycle = 2%. 
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Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC -SYMBOLS 


Diode Forward Voltage [Vso"_|'sp=1A 


Diode Reverse Recovery Time I-F=2A 100 (typ) | 100 (typ) | 100 (typ) | 100 (typ) 
djf/dt = 50A/us 


* Pulsed: Pulse duration < 300s max., duty cycle < 2%. 


LIMITS. 
RFP4NO05 RFP4NO06 
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” 


N-CHANNEL 
POWER MOSFETs 


RFP4NO5, RFP4NO6 
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Fig. 5 — Typical transfer characteristics for all types. 
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Fig. 4 — Normalized drain-to-source on resistance to junction 
temperature for all types. 


RFP4N05, RFP4NO6 
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0 fo) 
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20 =—— epeciall 
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TIME — Microseconds 92CS-37632 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 — Typical drain-to-source on resistance as a function of 
drain current for all types. 
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DRAIN CURRENT (Ip)—A 
92CS- 37106 
Fig. 10 — Typical forward transconductance as a function of drain 
current for all types. 


PULSE TEST 
1a] PULSE DURATION: 80u:S 
DUTY CYCLE <2% 
CASE TEMPERATURE (Tc)=25°C 
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Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source voltage for 
all types 


302 


Vp 
TO SCOPE 


KELVIN 
CONTACT 


92CS-37378 


Fig. 11 — Switching Time Test Circuit 
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it HARRIS _ RFL4N12 
RFL4IN15 


N-Channel Enhancement-Mode 


August 1991 7 Power Field-Effect Transistors 
Features | Package 
° 4A, 120V and 150V aicsacl 
® rps(on) = 0.40 
° SOA is Power-Dissipation Limited SOURCE GATE 
e Nanosecond Switching Speeds o 
e Linear Transfer Characteristi ° 
aracteristics DRAIN 
® High Input Impedance (CASE) 
® Majority Carrier Device 
Description 
The RFL4N12 and RFL4N15 are n-channel enhancement- | Terminal Diagram 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed D 
and low gate-drive power. These types.can be operated direct- 
ly from integrated circuits. . 
The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. _ | G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFL4N12 RFL4N15 UNITS 

Drain-Source Voltage ....... ccc cece cern rene cececerecccees Voss 120 150 V 
Drain-Gate Voltage (RGS = 1MQQ) .... cece ee wee eee newness VDGR 120 150 V 
Continuous Drain Current 

TG P20 °C \ousais ails Shdaahn heed oad eed man ered ID 4 4 A 

Pulsed Drain Current ose ccisc ciceteue cee eds teeter ev asacedes IDM 15 15 A 
Gate-Source VONAge sis5.0 Seana eis asian eee sces eewiteeas VGsS +20 +20 V 
Maximum Power Dissipation 

VE P25 9G i xe sdcndatugiaueaus neue task ease denen ere Pp 8.33 8.33 Ww 
Linear Dérating Factor ns: sic ose den sass oa cheatin s cadwaseastee wees 0.0667 0.0667 W/9C 
Operating and Storage Temperature ............ cee eeeee Ty, TSTG -55 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 1462.1 
Copyright © Harris Corporation 1991 
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Specifications RFL4N72, RFL4N15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25°C unless otherwise specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST RFL4N12 RFL4N15 UNITS 
CONDITIONS 


| Min. | Max. | Min. | Max. | 
Drain-Source Breakdown Voltage BVoss lp=1 mA 120 150 V 
annie Ocsicien Wks" SM Newel Gee Said alle 
lpb=1 mA 


Zero-Gate Voltage Drain Current See ese 
Vps=120 V — 1 
To=125°C in 
| Vos=100 V 
Vos=120 V 
a tial hal 


Gate-Source Leakage Current Ves=+20 V 


Vps=0 
Drain-Source On Voltage Vos(on)® Ip=2A 
Ves=10 V 
Ip=4 A 
Vas=10 V 


ia 
Vas=10 V 
Ip=2 A 


a 
Voo = 75 V 
fRiseTime tA 


Turn-Off Delay Time Rgen=Rgs=50 2 


N-CHANNEL 
POWER MOSFETs 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
TEST LIMITS 
CHARACTERISTIC SYMBOL CONDITIONS RFLAN12 RFL4N15 


Diode Forward Voltage i ST a Oe TN RE 


Vsp4 
Reverse Recovery Time . ter ‘Ip = 4A 200(typ.) 200(typ.) ns 
dir/d: = 100A/us 


8Pulsed: Pulse duration=300 ys max., duty cycle=2%. 
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RFL4N12, RFL4N15 


LINEARLY WITH INCREASE 
IN TEMPERATURE) 


(CURVES MUST BE DERATED 
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Maximum safe operating areas for all types. 
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Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


Fig. 3 


Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 4 - Normalized drain-to- 


Typical transfer characteristics for all types. 


Fig. 5 
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RFL4N172, RFL4N15 
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92CS-37651 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for all types. | 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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PULSE TEST 

PULSE DURATION=80ys 

DUTY CLYLEs 2% 

CASE TEMPERATURE (Tc )* 25°C 
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aannnesen 


ae 


DRAIN CURRENT (Ip)—A 


Oo i 2 3. #& SS 26 Te 9 
DRAIN - TO- SOURCE VOLTAGE ( Vps)—V 
92CS-34362RI 


Fig. 7 - Typical saturation characteristics for all types. 


FREQUENCY (!)=1MHz [4 


ce) 10 20 30 40 50 60 70 
DRAIN ~TO- SOURCE VOLTAGE (Vng) — V 
92CS-36156 


Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 
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Fig. 11 - Switching Time Test Circuit. 
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POWER MOSFETs 


it HARRIS 


RFM4N35/4N40 


 RFP4N35/4N40 


August 1991 | 


Features 

e 4A, 350V and 400V | 

° 'DS(on) = 22 

e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM4N35 and RFM4N40 and the RFP4N35 and 
RFP4N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors. requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
— TO-204AA 
DRAIN 
SOURCE (FLANGE) 
©o 
GATE 
TO-220AB 
TOP VIEW 


DRAIN 
> ———=—— 
(FLANGE) SOURCE 
a DRAIN 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


RFM4N35 

Drain-Source Voltage ........c.eeeeece eee ees Voss 350 
Drain-Gate Voltage (RqGs = 1m) ............ VDGR 350 
Continuous Drain Current 

RMS GCOntinuOus. cic eieeieen see eee eae ves an Ip 4 

Pulsed Drain Current. ....0. 2... cece eee eee eee loM 8 
Gate-Source Voltage ........cccecccccceonece VGs +20 
Maximum Power Dissipation . 

NGOS A2S°C toss kc catasne estan canea sas Pp 75 

Above Tc = +259C, Derate Linearly ............. 0.6 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 


4-602 


D 
G 
S 
RFM4N40 RFP4N35 RFP4N40 UNITS 
400 350 400 V 
400 350 400 V 
4 4 4 A 
8 8 8 A 
+20 +20 +20 V 
75 60 60 W 
06 0.48 048 — w/o 
-55to+150 -55to+150 -55to+150 oC 
File Number 1491.1 


Specifications RFM4N35, RFM4N40, RFP4N35, RFP4N40 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)- 25°C unless otherwise specified. 


LIMITS 
TEST RFM4N35 RFM4N40 
CHARACTERISTICS SYMBOL | CONDITIONS RFP4N35 RFP4N40 


Drain-Source Breakdown Voltage BVoss lb>=1 mA 350 
Ves=0 

Gate Threshold Voltage Ves (th) Vos=Vps 

Ip=1 mA 


Zero Gate Voltage Drain Current loss 
Tc=125°C 
Vps=280 V 
Vps=320 V 


Gate-Source Leakage Current lass Ves=+20 V 
Vos=0 


Drain-Source On Voltage 


UNITS 


400 


s 
> 


=e 
PO 


f 


Forward Transconductance Vps=10 V 
Ip=2 A 


Input Capacitance 


Oss 


g 
Ciss 
C 


—_—/—/NJ =i — = 
oO — 


Output Capacitance 

Reverse Transfer Capacitance 

Turn-On Delay Time Vpp=200 V 45 
f 


y? 
Static Drain-Source On Resistance ros(on)* Ip=2 A 
Voes=10 V 
C 
a(ON) 


45 


N-CHANNEL 
POWER MOSFETs 


ta( 
t ln=2 A 60 
Turn-Off Delay Time tu(off) Rgen=Rgs=50 20 
Fall Time t Ves=10 V 62(typ) 


Thermal Resistance RFM4N35, 
Junction-to-Case RFM4N40 


RFEP4N35, 
RFP4N40 


jo) 


130(typ 200 
62(typ 100 
1.67 


100 


4 
je) 
ba | 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM4N35 RFM4N40 
CHARACTERISTIC SYMBOL | CONDITIONS RFP4N35 RFP4N40 


Diode Forward Voltage 


. lp=4 A 
Reverse Recovery Time tre dir/d=100 A/ps 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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RFM4N35, RFM4N40, RFP4N35, RFP4N40 


g| CASE TEMPERATURE (Tc) = 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 


4 
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[ EY 1 RURENDG BODES GOSS feet ROOK NHS Note WE RE He Fe SS OERAE DNGE1 NNN NOSE LNN0 Hr OE BO Os Fd OA NE Ons F101) tet! DEOOd Cotes dene 
= tH pat 
e Hilist BAe 
Zz Pesbectet fey 
ri S288 
ra HEPES BEG 
35333 Stasi et sae es es 
=) Bliss rane 
z cere tot 
—_— eons te 
< Pott ty 
a | 1 a a 
ett THIS AREA IS 58 
een weeens 


-LIMITED BY 


ESTEE TPE EEE tt 


2 4 68 2 4 
| 10 100 1000 


DRAIN TO SOURCE VOLTAGE (Vps) — V 


BSAA Iss 


Fig. 1 — Maximum operating areas for all types. 
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CASE TEMPERATURE (Tc )—°C JUNCTION TEMPERATURE (Ty) —°C 


Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


Vost20V 

PULSE TEST 

PULSE DURATION =80uS 

DUTY CYCLE <2% 

SQRER RHEE REESE 
Bee Rees eee 
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EAE EET 


>. 


— 
~ 
c 
°o 
~ 
” | 
[=] 
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San 
| 
To=125°C 
= = a 


NORMALIZED DRAIN TO SOURCE ON RESISTANCE 
ON STATE DRAIN CURRENT [Ip(on)] 


| 
a 
L_] 
a Bane 
0 2 4 «6 8 10 
JUNCTION TEMPERATURE (Ty) —°Cc GATE - TO - SOURCE VOLTAGE (Vgs) — V 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFM4N35, RFM4N40, RFP4N35, RFP4N40 


400 


GATE 
SOURCE 


300 VOLTAGE 


R, = 1000 
Ig (REF) =0.45 mA 


Vos — Volts 
8 
Volts 


Vos 


Ig (REF) 


Ig (REF) 
Ig (ACT) 


Ig (ACT) 


TIME — Microseconds 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


PULSE DURATION = 80 pS 
H DUTY CYCLE $< 2% 
eRaaensnen 


DRAIN SOURCE ON RESISTANCE 
[ rps(on)] — OHMS 


ORAIN CURRENT (Ip) —A 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


PULSE TEST 
H PULSE DURATION = 80 2S 
T} DUTY CYCLE <2% 
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ORAIN CURRENT (Ip) —A 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION = 80 2S 

7] puTy CYCLE <2% 
CASE TEMPERATURE (Tc) = 25°C 
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DRAIN TO SOURCE VOLTAGE (Vps) —V 


Fig. 7 — Typical saturation characteristics for all types. 
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N-CHANNEL 
POWER MOSFETs 


) fe) 20 30 40 50 
DRAIN -TO-SOURCE VOLTAGE (Vps) — V 
Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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| Se gre ree ~T Vp 
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Fig. 11 — Switching Time Test Circuit 


@ HARRIS RFP4N100 


High Voltage N-Channel Enhancement-Mode 


August 1991 | Power Field-Effect Transistors 
Features Package 
‘ TO-220AB 
4.3A, 1000V TOP VIEW 


* fpS(on) = 3.52 
e UIS SOA Rating Curve (Single Pulse) — | 
e -559C to. +150°C Operating Temperature (FLANGE) a DRAIN 


Description 


The RFP4N100 is an n-channel enhancement mode 
silicon-gate power field effect transistor. It is designed for 


use in applications such as switching regulators, switching Terminal Diagram 


converters, motor drivers, relay drivers, and drivers for high N-CHANNEL ENHANCEMENT MODE 
power bipolar switching transistors requiring high speed 
and low gate-drive power. This type can be operated D 


directly from an integrated circuit. 


The RFP4N100 is supplied in the JEDEC TO-220AB 
plastic package. 


G 
Ss 

Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
Drain-Source Vollage, Voss ins cc sminavccsa cide hes. S aun iod Cues owen Bown eue heuer cute anaes cawbe Cactetede me Vas 1000V 
Drain-Gate Voltage. (R66 = 1M), VoG i s iiseeex oes ko Wie te ds i escawee as aelededs sae aoe Saas cbse oe wind wales alee sd oie 6 1000V 
Gale=Source VONdde, VGGs i wisi arin saute cea ouimehs be eeeeeicinwaaar ust eeaak twos seu ies sale eee rian aaubeeleennveha swe +20V 
Drain Current: 

BVI COnUNUGUS Ny seas ca catia wiswtinanta unten thats eas sare Sewinats Wha tered ge Ua ae Soe S Relea Mee eee a Me ars Sealant sama eei ey 4.3A 

PUISEd, Ib if us cacionscuseveeteueencateamens petiole veel bund acl eens Teel kin cat Genoa dee tenceeta en but oat ates 17A 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve ... 1... cece ccc ce tec cece ence teen eee e nen ce tanec eesneeeeeseeenns 490mJ 
Power Dissipation, Pp: 

N50 os eu Ge ucadeccawies ceed oad ewteGes wana cerca ea aN cae SceMaseal adnate aalvaa aatek wibeedcadatende 150W 

Dérate Above! GF 2000 catia thos deids Meanie ia en samedi awa Aateia ae cman tasted nae ee nae iceman es maseaes 0.83W/OG 
Operating and Storage Junction ; 
Temperawre Range, lay Vat ecawisatseewar Cones cnteesceaaew ion tet oan whe Wage Ve ape Winee a Ge waa teh edasaaeeeans -55 to +150°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP4N100 


Electrical Characteristics (Tc = 25°C), Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25mA, Ves = OV } 100 | - [| vi | 
Gate Threshold Voltage VGS(TH) Vas=Vps,!p = 0.25mA 
Zero Gate Voltage Drain Current Ipss Vas =0V 


Vps = 1000V To = 25°C 


P20 
=z 
= es 
ox 
a 
= 


Gate-Source Leakage Current Iass Ves = £20V . 
On Resistance 'DS(ON ID = 2.5A, Vas = 10V 
Forward Transconductance lots | Ip = 2.5A, Vps = 100V 


Turn-On Delay Time td(ON Vpp = SOOV, 1 = 3.9A 
Rise Time Rg =9.129 
Turn-Off Delay Time td(OFF Rp = 1200. 


Fall Time See Figure 14 


Total Gate Charge 1 Qg | Ip = 3.94, Vpg = 800V, Vag = 10V 
Thermal Resistance Junction to Case ReJc Pm | 
a Sa 


Thermal Resistance, Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


SYMBOL TEST CONDITIONS 


Ip = 3.9A, dip/dT = 100 A/us 


N-CHANNEL 
POWER MOSFETs 


LIMITS 
| - [1 | ve | 


CHARACTERISTICS 


Forward Voltage 


Reverse Recovery Time 


Pulse Duration=250us. Duty Cyclo=22. Tc=25°C 5 


a to 
-é 3 
z 6 z 
nos a 
o a 
5 5 
2 oO 
a A z @ 
é z 
2 | 
0 0 
0 100 200 300 400 500 2 4 
DRAIN-TO-SOURCE VOLTAGE - V GATE-TO-SOURCE VOLTAGE - V 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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RFP4N100 
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Te=25 


Duty Cycle=2Z7, 
30 


DRAIN-TO-SOURCE VOLTAGE - V 


Pulse Duration=250us, 
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FIGURE 4. MAXIMUM SAFE OPERATING AREA 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 6. TYPICAL FORWARD TRANSCONDUCTANCE 


PULSE DURATION = 250uS, 
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FIGURE 5. POWER vs. TEMPERATURE DERATING CURVE 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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RFP4N100 
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FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 


FIGURE 12. TYPICAL DRAIN 
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FIGURE 11. TYPICAL GATE CHARGE 
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FIGURE 9. NORMALIZED DRAIN-TO-SOURCE ON 
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FIGURE 14. SWITCHING TIME TEST CIRCUIT 
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FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING SOA 
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Features | 

° 6A, 450V and 500V 

® DS(on) = 1-25 | 

® SOA is Power-Dissipation Limited ) 
° Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device — 


Description 


The RFM6N45 and RFM6NS50 and the RFP6N45 and 
RFP6N50 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
' from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. | 


RFM6N45/6N50 
RFP6N45/6N50 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
TO-204AA 


DRAIN 


SOURCE J (FLANGE) 


GATE 
TO-220AB 
TOP VIEW 
DRAIN a 
Ee - 
(FLANGE) SOURCE 
L, > GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified | 
| RFM6N45 RFM6N50 RFP6N45 RFP6NSO UNITS 
Drain-Source Voltage ..... cc eceeecccveeeene Vpss 450 500 450 500 V 
Drain-Gate Voltage (RGS = 1MN) .........06. VDGR 450 500 450 500 V 
Continuous Drain Current — 
RMS Continuous: seine iaidebaw ice atieasae eens Ip 6 6 6 6 A 
Pulsed Drain Current. ........cceceeeeenecees IDM 15 15 15 15 A 
Gate-Source Voltage ......... igescheh watee ss Vas _ £20 +20 +20 +20 V 
Maximum Power Dissipation | - 
TG = F259G pia oet coated dawetiad Pp 100 100 75 75 W. 
Above Tg = +259C, Derate Linearly ............. 0.8 0.8 0.6 0.6 W/9 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 °C 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications RFM6N45, RFM6N50, RFP6N45, RFP6N50 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc-)=25°C unless otherwise specified. 


LIMITS 


TEST RFM6N45 RFM6N50 
CHARACTERISTICS SYMBOL CONDITIONS REPeNsS —REReNee UNITS 


Drain-Source Breakdown Voltage BVoss lpb>=1 mA 
Ves=0 
Gate Threshold Voltage Veatth) Ves=Vos 
Ip=1 mA 
Zero Gate Voltage Drain Current Vps=360 V Sets 
0 


UA 
5 ass 
— 50 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Static Drain-Source On Resistance rar 
Forward Transconductance a 


Input |Input Capacitance = i foc See. ail 
Output Capacitance = 


Reverse Transfer Capacitance 
LT on Delay Time Vop = 250 V 


a lo=3 A (typ) 
Turn-Off Delay Time Reen=Rgs=502 | 190(typ) 190(typ) 
Fall Time ae Ves=10 V 60(typ) 60(typ) 


Thermal Resistance R8jc RFM6N45, 1.25 1.25 
Junction-to-Case RFM6N50 , 
REP6N4S, C/W 
RFP6N50 


N-CHANNEL 
POWER MOSFETs 


LIMITS 
RFM6N45 RFM6N50 
CHARACTERISTIC RFP6N45 REPGN50 UNITS 
Diode Forward Voltage 


Reverse Recovery Time lp = 4A 800(typ.) 800(typ.) 
Cir/d: = = 100A/yus 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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RFM6N45, RFM6N50, RFP6GN45, RFP6N50 


¢| (CURVES MUST BE DERATED : 
LINEARLY WITH INCREASE IN 


DRAIN CURRENT (Ip)—A 


iVpss (MAX) = 450V RFM6N45, RFP6N4S & 
Voss (MAX) = 500V RFM6N50, RFP6N5SO £ 


4 6 8 2 4 68 2 4 6 8 
-l0 -100 - 1000 
DRAIN-TO-SOURCE VOLTAGE (Vps) —V 
: 92CS-37116R1 


Fig. 1 — Maximum operating areas for all types. 


a 


iagaieee 
=: 


POWER DISSIPATION (P+) —W 
[Ves (th)] 


NORMALIZED GATE THRESHOLD VOLTAGE 
ed 
a 


CASE TEMPERATURE (Tc) — °C : a 


50 re) 50 . 100 150 200 
92CS-37594 JUNCTION TEMPERATURE (Ty) — °C 
92CS-37118 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function. 
for all types. of junction temperature for all types. 


Vps * 20 V 

1g| PULSE TEST 
PULSE DURATION * 80 pS 
DUTY CYCLE < 2% 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 
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J 
a 
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a 
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JUNCTION TEMPERATURE (Ty -*c : : oe S. : i" 
ivi J “ GATE - TO -~ SOURCE VOLTAGE (Vgs) —V 
92cs-37119 
: 92CS$-37120 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFM6N45, RFM6N50, RFP6N45, RFP6N50 
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PULSE TEST 


GATE 


SOURCE 

475 VOLTAGE : 
AL = 832 ; 2D 
2 Ig (REF) = 1.1 mA 2 Hi 
$ 3s - 
> 250 2 
. : 

“” n”n 
fa) CG a 
> > rs) 
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«x 
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ORAIN SOURCE VOLTAGE 


(°) —EEE 


IG (REF) tg (REF) 
ig (ACT) ig iAcn 0) 2 4 6 8 10 14 
a supicAphicioaeconde DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-37669 9205-37122 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260 
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92CS- 37124 
Fig. 8 — Typical drain-to-source on resistance as a function Fig. 9 — Capacitance as a function of drain-to-source 
of drain current for all types. voltage for all types. 
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Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit. 


of drain current for all types. 
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Features — 

e 7A, 350V and 400V 

* DS(on) = 0.752 | | 

e SOA is Power-Dissipation Limited. 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFM7N385 and RFM7N40 and the RFP7N35 and 
RFP7N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


RFM7N35/7N40 


RFP7N35/7N40 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 

TO-204AA 

DRAIN 
SOURCE J (FLANGE) 
¢S 
GATE 
TO-220AB 
TOP VIEW 
DRAIN eas 
> ————_——- 
(FLANGE) hedahges 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFM7N35 RFM7N40 RFP7N35 RFP7N40 UNITS 
Drain-Source Voltage ............05- Aarne Vpss 350 400 350 400 V 
Drain-Gate Voltage (RGs = 1m) ............ VDGR 350 400 350 400 V 
Continuous Drain Current 
RMS Continuous ......... ce cece reece cece eens Ip 7 7 7 7 A 
Pulsed Drain Current......... cc cccecceeenenee IDM 15 15 15 15 A 
Gate-Source Voltage ........ccceceececeeeees Ves +20 - +20 +20 +20 | V 
Maximum Power Dissipation 
TG A258 sites seas tildeeewstseseinaa te ees Pp 100 100 75 75 WwW 
Above Tc = +259C, Derate Linearly ............. 0.8 0.8 0.6 0.6 W/9C 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 oC 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 5 3 6.1 
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Specifications RFM7N35, RFM7N40, RFP7N35, RFP7N40_— 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T.)=25°C unless otherwise specified 


: LIMITS 
TEST RFM7N35__| _RFM7N4O 
CHARACTERISTIC het CONDITIONS | _RFP7N35 RFP7N40 


Gate-Threshold Voltage Ves(th) 2 4 4 
Vps=280 V 
Tc=125°C 


Vos=280 V 
Vos=320 V 


Cc 
< 
— 
~” 


2.63 


Forward Transconductance ts" Vps=10 V 2 mho 


<= 

<=? 

2 | 

aR 

al (>) 

< 

— 
E (en) 
ro) 


” 

j= 

mal «=LLS 

= 

lp=3.5 A eS 

Input Capacitance ; | — | 1600 | =| 7600 =e 

Output Capacitance [= [300 | = [300 | pr | [Ee 

Reverse-Transfer Capacitance ee ee ee ee 2 
Turn-On Delay Time Té(typ) 

[75 _[64(typ) - 

Turn-Off Delay Time ta(off) 250 [170(typ)| 250 | 
Fall Time 62 (typ) 


Thermal Resistance Junction-to-Case R@ic 


Po 2 Eee 
RFP7N35 
, : 1.67 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
: | TEST RFM7N35 RFM7N40 
HARACT 
PEC err a ae areata CONDITIONS | _RFP7N35 rep7nao | UNITS 
Diode Forward Voltage Fn Ae eee eg Si (ee 


NS 


j lF=4 A 
Reverse R ry T - ; 
dir/dt=100 A/us ee 


@Pulsed: Pulse duration=300 us max., duty cycle=2%. 
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RFM7N35, RFM7N40, RFP7N35, RFP7N40 


100, CASE TEMPERATURE(Tc)= 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 


IN TEMPERATURE) 


ey 
eet 


3 
4 
3 
ri 
itt 


seseit omens saaet 
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pees 
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i Ft 
a 
34 

ie 
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HE 
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ERATION IN THIS AREA 
LIMITED BY Pops(on) 


Oo 


2 


| 
6 8 00 


4 


2 


6 8 | 
10 


4 
DRAIN- 


TO-SOURCE VOLTAGE (Vp5)—V 


37603 


Maximum safe operating areas for all types. 


92CM 


Fig. 1 - 
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JUNCTION TEMPERAT 


Oo 
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150 


URE (Ty )- °C 


CASE TEMPERATURE (Tc) — °C 


92CS- 37602 


“37734 


g2cs 


Fig. 3 - Typical normalized gate threshold voltage as a function 


Fig. 2 - Power dissipation vs. case temperature derating curve 


of junction temperature for all types. 


for all types. 


=20V 
PULSE TEST 


PULSE DURATION =80us 
DUTY CYCLE <2% 


Vos 


v—{vo)OT] iNaYUND NIVYG 3LVLS-NO 


“ wm = 
[(uo) sa sj ™ SONVLSISSY 
NO 3DYNOS-O1L-NIVYG G3SZIIVWYON 


92CS- 37599 


- SOURCE VOLTAGE (Vgs)—-V 


-TO 


GATE 


92CS-37601 


°c 


JUNCTION TEMPERATURE (Ty )— 


Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4 - Normalized drain-to-source on resistance as a function 


of junction temperature for all types. 
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RFM7N35, RFM7N40, RFP7N35, RFP7N40 


Vos — Volts 
Ves — Volts 


Ig (REF) 
Ig (ACT) 


TIME — Microseconds 92CS-37666 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


Vg52 t!lOv 


PULSE TEST 
PULSE DURATION =80y8 
DUTY CYCLE< 2% 


DRAIN- TO- SOURCE ON RESISTANCE 
Cros (on)] -OHMS 


ie) 2 4 6 8 10 12 14 16 {8 20 
DRAIN CURRENT (Ip)-A 
92CS- 37597 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


PULSE DURATION=&0 us 


FORWARD TRANSCONDUCTANCE (gfs)—mho 


rh DUTY CYCLE < 2% i 
PEC EEE EEE HEHEHE EEE EEE 
oO t 2 3 4@ +S 6 7 8 9 10 
DRAIN CURRENT (Ip)-A 
92CS -37595 


Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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IGIPULSE TEST 
PULSE DURATION =80ys 
1a@;DUTY CYCLE < 2% neue 
CASE TEMPERATURE (Tc)=25°C Lt 
NIG? 


DRAIN CURRENT (Ip)-A 


2 4 #6 8 10 t2 4 16 18 120 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
: 92CS-37598 


Fig. 7 - Typical saturation characteristics for all types. 


REQUENCY (f)= | MHz 
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N-CHANNEL 
POWER MOSFETs 


ie) 10 20 


30 40 50 
DRAIN-TO- SOURCE VOLTAGE (Vpg)— V 


92CS-37596 


Fig. 9 - Capacitance as a function of drain-to-source voltage 


for all types. 
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Fig. 11 - Switching time test circuit. 


it HARRIS 


August 1991 — 


Features 

e 8A, 180V and 200V 

* rDS(on) = 0.52 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM8N18 and RFM8N20 and the RFP8N18 and 
_RFP8N20 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-types are supplied in the JEDEC 
TO-204AA steel package and the RFP-types in the JEDEC 


TO-220AB plastic package. 


RFM8N18/8N20 


RFP8N18/8N20 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 

| TO-204AA 

DRAIN 
SOURCE J (FLANGE) 
GS 
GATE 
TO-220AB 
TOP VIEW 
DRAIN =. 
> ——— 
(FLANGE) SOURCE 


be 


Terminal Diagram 
_N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 259C), Unless Otherwise Specified 


RFM8N18 

Drain-Source Voltage ....... 2. cece eee eeeee Voss 180 
Drain-Gate Voltage (RGS =1MN) ............ VDGR 180 
Continuous Drain Current 

AMS GOnUNUOUS o.t.000 becdewies ine eeeawee eas ID 8 

Pulsed Drain Current........-00sseecesecccee IDM 20 
Gate-Source Voltage ..........cesccnsscccees Vas +20 
Maximum Power Dissipation 

TGA 259C hie adett Vaha re hennews Leatdeee ks Pp 75 

Above Tc = +259C, Derate Linearly ............. - 0.6 
Operating and Storage Junction........... TJ, TSTG -55 to +150 

Temperature Range : 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 


4-618 


D 
G 
Ss 
RFM8N20 — RFP8N18 RFP8N20 UNITS 
200 180 200 V 
200 180 200 V 
8 8 8 A 
20 20 20 A 
+20 +20 +20 V 
75 60 60 W 
0.6 0.48 0.48 W/9C 
-55to +150 -55to +150 ~55 to +150 0¢ 
File Number 1447.1 


Specifications RFM&N18, RFM8&N20, RFP&8N18, RFP&8N20 


ELECTRICAL CHARACTERISTICS At Case Temperature (T,) = 25°C unless otherwise specified 


LIMITS 
TEST RFP8N18 RFP8N20 
SYMBOL | 


CHARACTERISTICS CONDITIONS | MIN. | MAX.| MIN. | | MAX. | UNITS 
180 


=1mA 
Gs = 
ne = Vos 
Gate Threshold Voltage Vesitn 4 el 4 
=1mA 
Vos = 145 V 1 — 
Vos = 160 V 
Tc = 125°C 
Vos = 145 V 
Vos = 160 V 
Ves = + 20V 
Gate-Source Leakage Current re 100 eee 


Zero Gate Voltage Drain Current 


Drain-Source On Voltage Vos(on)* < 
ta i 

SS 

<= 

; = 
Static Drain-Source On Resistance ‘ © ui 
rps(ONn) i= 

o 

Oo. 


Forward Transconductance aancren i Oa 


Input [input Capacitance ie ae 750 es 750 
[Output Capacitance | Cass Poe ees Se a eed ee 
eee 5k I 
Yoo 2100 V 


Rise Time j= 4A [ootyps 905 
Turn-Off Delay Time aie Rgon = Rgs = 50 | 90(typ.) 90(typ.)| 135 | 
fFallTime Time Ves = 10 V 70(typ.) 70(typ.) 


sean ae |= be | = be 
ermal Resistance ROJC ei oC/W 
20s] — | 2. 2088 | 
LIMITS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
RFMON18 REMEN20 
RFP8N18 RFP8N20 UNITS 


SYMBOL 
a ae 
Reverse Recovery Time i ae = 4A 225(typ.) 225(typ.) 
dir/d: = 100A/us 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


Junction-to-Case 


TEST 
CONDITIONS 


CHARACTERISTIC 
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RFM8N18, RFM8N20, RFP8N18, RFP8N20 
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OPERATION IN THIS AREA 


‘tS LIMITED BY rosie 


100 


JUNCTION TEMPERATURE (T, 


esauwaeer.a 
Seeenesr.e 


CASE TEMPERATURE (Tc )—°C 


[f¥°)S0 4] 3oNvLSIS3Y NO 


M~('d) NOLLWAISSIO_YBMOd 30WNOS -O1-NivuO G4ZIVWYON 


Fig. 2 — Power vs. temperature derating curve for all types. 


92CS-36162 


GATE - TO -SOURCE VOLTAGE (Vgc) -V 


Fig. 5 — Typical transfer characteristics for all types. 


4-620 


92CS- 36160 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- 
perature for all types. 


RFM8N18, RFM8&N20, RFP8&N18, RFP&N20 


Vos — Volts 
Volts 


Vos 


Ig (REF) 


- Ig (REF) 
Ig (ACT) 


Ig (ACT) 


TIME — Microseconds 
92CS37661 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


Ves =lOV 
PULSE TEST 

1.4} PULSE DURATION™=80 1: S 
DUTY CYCLE <2% 


DRAIN-TO-SOURCE RESISTANCE(? ps(on)) OHMS 


Tom—40°C 
Seanseease 2 
2 4 6 6 0 2 4 6 8 20 
DRAIN CURRENT (Ip)—A 
92CS- 36167 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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DRAIN CURRENT (Ip)—A 
° F 92CS- 36163 . ; 
Fig. 10 — Typical forward transconductance as a function of drain 


current for all types. 


4-621 


PULSE TEST 

PULSE DURATION =80 1S 

DUTY CYCLE $2% 

CASE TEMPERATURE (Tc) = 25 °C 


DRAIN CURRENT (Ip)—-A 


2 3 4 5 6 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-36165 


Fig. 7 — Typical saturation characteristics for all types. 


N-CHANNEL 
POWER MOSFETs 
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Fig. 9 — Capacitance as a function of drain-to-source voltage for 


all types. 
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Fig. 11 — Switching Time Test Circuit. 
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Features 

e 10A, 120V and 150V 

° 'DS(on) = 0.32 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFM10N12 and RFM10N15 and the RFP10N12 and 
RFP10N15 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 


gate-drive power. These types can be operated directly 


from integrated circuits. 


The RFM-types are supplied in the JEDEC 
TO-204AA steel package and the RFP-types in the JEDEC 
TO-220A8B plastic package. 


RFM10N12/10N15 
RFP10N12/10N15 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
TO-204AA 


DRAIN 


SOURCE I (FLANGE) 


GATE 
TO-220AB 
TOP VIEW 
DRAIN =—4 
———_—=——- 
(FLANGE) SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFM10N12 RFM10N15 RFP1ON12 RFPION15 UNITS 
Drain-Source Voltage .......scccccccceceeees Vpss 120 150 120 150 Vv 
Drain-Gate Voltage (RqGg = 1m) ............ VDGR 120 150 120 150 V 
Continuous Drain Current . 
RMS ContinuouS .........0. cece eee eeneecens ID 10 10 10 10 A 
Pulsed Drain Current.........ceeeeeesseeeees IDM 25 25 25 25 A 
- Gate-Source Voltage ........ cece cee eeeeeeees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TG 25 9G his Soptoweiae nc dew anew how aeensins Po © 75 75 60 60 W 
Above Tc = +259C, Derate Linearly ............. 0.6 06 — 0.48 0.48 W/9C 
Operating and Storage Junction ........... Td, TSTG -55 to +150 -55 to +150 -55 to +1 50 ~55 to +150 oC 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 1 4 45.1 
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Specifications RFM10N1 2, RFM10N15, RFP10N12, RFP10N15 


ELECTRICAL CHARACTERISTICS At Case Temperature (T.) = 25°C unless otherwise specified 
LIMITS 


RFM10N12 RFM10N15 
TEST RFP10N12 RFP10N15 


CHARACTERISTICS SYMBOL CONDITIONS ) MIN, 


Drain-Source Breakdown Voltage 
Gate Threshold Voltage 


Vos = 100 V 
Zero Gate Voltage Drain Current Vos = 120 V 


Te = 125°C 
Vos = 100 V 
Vos = 120 V 


Gate-Source Leakage Current Ves = + 20 V 
| Vos = 0 


IDb=5A 
Ves =10V 
Drain-Source On Voltage Vps(on)* GS 
IDb=10A 
Ves = 10 V 


Static Drain-Source On Resistance aienie IDb=5A 
is Ves = 10 V 
Vps = 10 V 
Forward Transconductance _ 
o= 


Input Capacitance Ciss Vps=25 V 

Output Capacitance Coss Ves =OV 

Reverse Transfer Capacitance Crss f= 1MHz, - 

Turn-On Delay Time ta(on) . 40(typ.) | 40(typ.) 
Rise Time tr 165(typ.) 165(typ.) 
Turn-Off Delay Time ta(off) 90(typ.) 
Fall Time. tr 90(typ.) 


RFM10N12, 
i N15 
Thermal Resistance RAIC RFM10N1 


Junction-to-Case RFP10N12, 
RFP10N15 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


SYMBOL 


Diode Forward Voltage 


Ss 
Reverse Recovery Time dic jaon A/ 200(typ) 


“ Pulse Test: Width < 300 ys, Duty Cycle < 2%. 


LIMITS 


TEST RFM10N12 
CHARACTERISTIC CONDITIONS RFP10N12 
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N-CHANNEL 
POWER MOSFETs 


RFM10N12, RFM10N15, RFP10N12, RFP10N15 


e| CASE TEMPERATURE (To)=25 °C |i aT 
i i EH 


6| (CURVES MUST BE DERATED 
cae i 


LEE EE LEE 


eM RR 
EEE | RHE 


33 


Hu 


eS) 


OPERATION IN THIS 
HLA AREA IS LIMITED 
# BY ros (ON) 


DRAIN-CURRENT (Ip)—A 


HH 
SO 00 0b me BSS ObB a8 Lhe se lett: 


RHEE 
Vpsg (MAX.)=150V (RFMIONIS, - REPIONIG) snes 
SSRLIIITTE 2223, pH eH td path a 


THE 
5 aa eit 
s2823 


COOCHTTHESRHET TT Tee tt CT pce : 
2 4 6 8 2 4 6 86 2 4 6 8 
I 10 100 1000 
DRAIN~TO-SOURCE VOLTAGE (Vps)—-V 
92CS- 36157RI 


Fig. 1 — Maximum safe operating areas for all types. 
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Fig. 2 — Power vs. temperature derating curve for all types. Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


PULSE TEST ; 
PULSE DURATION® 80us 
DUTY CYCLE < 2% 
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Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 — Typical transfer characteristics for all types. 
perature for all types. 
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RFM10N12, RFM10N15, RFP10N12, RFP10N15 


150 
PULSE TEST 
PULSE DURATION =80us 
GATE DUTY CLYLEs 2% : 
SOURCE CASE TEMPERATURE (Tee 25°C 
VOLTAGE s ; 
112.5 
< 
RL = 152 { 
= Ig (REF) = 1 mA 2 7 
$s Veg = -10V $ ay 
1 75 - 
7) a“ us 
2 > & 
> 
oO 
37.5 z 
< 
a 
(=) 


ig (REF) Ig (REF) 
Tg (ach Ig (act) re) ! 2 3 4 5 6 7 8 9 
TIME — Microseconds esGeseess DRAIN -TO-SOURCE VOLTAGE (Vps5)—-V eee eee 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
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Refer to Harris application notes AN-7254 and AN-7260 hig iupical ealuralon euernctonsies:(aralny pes, 
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Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 


Fig. 11 — Switching Time Test Circuit 
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Features 

© 10A, 450V and 500V 

* 'DS(on) = 0-62 | 

e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance | 

e Majority Carrier Device 


e High-Current, Low-Inductance Package 


RFH10N45 
RFH10N50 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 


. TO-218AC 
TOP VIEW 


Terminal Diagram 


Description N-CHANNEL ENHANCEMENT MODE 
The RFH10N45 and RFH10N50 n-channel enhancement- D 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers,’ and drivers for 
high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These transistors can be G 
operated directly from integrated circuits. 
The RFH types are supplied in the JEDEC TO-218AC : 
plastic package. 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFH10N45 RFH10N50 UNITS 
Drain=Sovice Voltage wisi cuecwstigerag ease vaens douse omeveiecwiee's See sees Vpss 450 500 V 
Drain-Gate Voltage (RGS = IMD) 2... cece eee ee cece rere net eeeeeceeeene VDGR 450 500 V 
Continuous Drain Current | 
RMS Continuous | csccc da ciara ta ehawiccaaw eae ean ne ieee ae aneaanes Ip 10 10 A 
Pulsed Drain Gurren .ancs eos oe guns andes sewencasu esau arose mieceeanes IDM 20 20 A 
Gate=Souree Voltage iicsies a: iy eee dn ea peawins eenwe yea shes Cee eew ede aw tes Ves +20 +20 V 
Maximum Power Dissipation 
Oi ea Ce ee eee ere ee ee re ee eee ee eee eee eee Pp 150 150 WwW 
Above To = +2509C, Derate Linearly ............eeeeeees ape ta we tase wee uee we 1.2 1.2 W/9C 
Operating and Storage JUNCTION 0... cece ce cece cee n teen eereoeenes Ty, TSTG ~55 to +150 -55 to +150 oc 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 1 629.1 
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Specifications RFH10N45, RFH10N50 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
| TEST 


Drain-Source Breakdown BVoss lb=10mMA 
Gate Threshold Voltage Ves(th) Vas = 7 
htc bead "8 Ree Soll Soe BS 
Zero Gate Voltage Drain Vos = 360 V 1 — 
Eras 


Current 
Drain-Source On Voltage al 


Gate-Source Leakage 
Current 


N-CHANNEL 
POWER MOSFETs 


Static Drain-Source On 'os(on)@ vesciy = 5A Q 
Resistance Ves =10V 
Forward Transconductance heaiecosend Mail 


Input [Input Capacitance | ee thal. 4 
Prise Tine eh ae |e ee |e 
CratTing ven tof tstypy | 160 | r0styey [130 


Thermal Resistance Ric RFH10N45, 
Junction-to-Case RFH10N50 0.83 0.83 °C/W 
Series 
4Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS © 


Diode Forward Voltage Vsp * 
i tr 


* Pulse Test: Width < 300 ws, Duty cycle < 2%. 
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RFH10N45, RFH1ON50_ 


| CASE TEMPERATURE (Tc) = 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 


DRAIN CURRENT (Ip)—A 


Vpss (MAX)= 450 V (RFHION4S) 
Vpss (MAX)= 500 V (RFHIONSO) 


re UOT 
2 4 68 4°68 2 4 68 
! 10 100 1000 
DRAIN -TO-SOURCE VOLTAGE (Vps) — V 
, 92CS~3877IRI 


Fig. 1 - Maximum safe operating areas for all types. 
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NORMALIZED GATE THRESHOLD VOLTAGE 


CASE TEMPERATURE (Tc)—~-°C JUNCTION TEMPERATURE (T))—°C 
92CS-34359 “ 
92CS8-37057 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage asa function of 


junction temperature for all types. 
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< 24|PULSE TEST | 
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DUTY CYCLE < 2% 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


~50 ie) 50 100 150 200 250 300 


JUNCTION TEMPERATURE (Ty) —°C GATE - TO - SOURCE VOLTAGE (Vgg) — V 
92CS- 37058 92CS-37059 
_ Fig. 4- Normalized drain-to-source on resistance to junction -Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFH10N45, RFH10N50 


GATE 
SOURCE 
VOLTAGE 


RL = 502 
Ig (REF) = 2.1 mA 


Vos — Volts 
Ves — Volts 


Ig (REF) 
Ig (ACT) 


TIME — Microseconds 92¢5-37670 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 


Ves 2!OV 

12) PULSE TEST 
PULSE DURATION + 80 pS 
DUTY CYCLE <2% 


ORAIN=TO-SOURCE ON RESISTANCE 


16 20 
DRAIN CURRENT (Ip)—A 
92CS- 37062 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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DRAIN CURRENT {(Ip)—A 
92CS- 37064 


Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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PULSE TEST 


DRAIN CURRENT (Ip)—A 


2 4 6 8 1o 
DRAIN -TO-SOURCE VOLTAGE (Vps) — V 


92CS~-37061 


Fig. 7 - Typical saturation characteristics for all types. 


uw 
a 
8 
w 
5) 
z 
a 
rs) 
< 
a. 
< 
3) 


N-CHANNEL 
POWER MOSFETs 


DRAIN -TO-SOURCE VOLTAGE (Vps) — V 
92CS~37063 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Vp 
TO SCOPE 


250 V 
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Fig. 11 - Switching Time Test Circuit. 
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Features 

° 10A, 450V and 500V 

* rDS(on) = 9.62 

e SOA is Power-Dissipation Limited 
° Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

e Majority Carrier Device 


e High-Current, Low-Inductance Package 


Description 


The RFM10N45 and RFM10N50 n-channel enhancement- 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar transistors requiring high speed and 
low gate-drive power. These transistors can be operated 
directly from integrated circuits. 


The RFM types are supplied in the JEDEC TO-204AA 
steel package. 


RFM10N45 
RFM10N50 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE (FLANGE) 


GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Rgs = 1mQ) 
Continuous Drain Current 

RMS Continuous 


Pulsed: Drain Current icc dea wccaewtak oat e hee ieee wore a eens 


Gate-Source Voltage 
Maximum Power Dissipation 
Tc = +259C 
Above Tc = +259C, Derate Linearly 
Operating and Storage Junction 
Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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D. 
G 
S 
RFM10N45 RFM10N50 UNITS 
--». Vpss 450 500 V 
..»» VDGR 450 500 V 
Beata dutoy Ip 10 10 A 
sats IDM 20 20 A 
Tory Vas +20 +20 V 
eaeeden Pp 150 150 WwW 
ee rer 1.2 1.2 W/°G 
Ty Tstg  -55to+150 -55t0+150 oC 
FileNumber 1788 


Specifications RFM10N45, RFM10N50 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


| LIMITS 
TEST 
BVpss 


Gate Threshold Voltage Vas(th) Ves = Vos ,* 3 
Facideninannin Ramah Bese Maal 


Zero Gate Voltage Drain Vos = 360 V Pe ee 
Current Vos = 400 V ee = 
Te = 125°C 
eee 
Vos = 400 V 
Gate-Source Leakage Ves=+t20V [we ae 
Current Rak Vos = 0 = 4 


Drain-Source On Voltage 


Drain-Source Breakdown 


TT 
Resistance | == 
Qrs4 - 


Forward Transconductance = 4 


[Turn-On Delay Time |) t(on) 
TRiseTime 
Row*Fas=600 [625itye) | 900 | 52sttye) | _o00 | ™® 
cheery 


Thermal Resistance R8ic. RFM10N45, 
Junction-to-Case RFM10N50 °C/W 
Series 


&8Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


Taettvey | 60 | 260) | 60 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


950 typ 


CHARACTERISTIC TEST CONDITIONS | RFMIONES 


* Pulse Test: Width < 300 ys, Duty cycle <= 2%. 
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RFM10N45, RFM10N50 
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—(9I) LN3YYND Nivud 


Vpss (MAX)= 450 V (RFMION45) 


Vpss (MAX) 


500 V (RFMIONS5O) 


DRAIN -TO-SOURCE VOLTAGE (Vps) 


37056R2 


92cs- 


fe operating areas for all types. 


imum sa 


. 1 - Max 


Fig 


SOVLIOA GQIOHSSXHL 3LV9 O3ZI1VWYON 


M—(4+d) NOILYdISSIO Y3MOd 


150 


50 
JUNCTION TEMPERATURE (Tj)—°C 


CASE TEMPERATURE (Tc)—°C 


92CS$-34359 


92CS-37057 


Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 


Fig. 3 


Fig. 2 - Power vs. temperature derating curve for all types. 


80 nS 


PULSE DURATION 
OUTY CYCLE <2% 


Vps=25V 
a 24/PULSE TEST 


wo is] 


@ A 


— [(v0)97] iNauuNd NIVYA 3LVLS-NO 


_ ° 2 
nN “ = 


[:ve)$0] 
SONVLSISSY NO 35yNOS-OL-NIVYO CSZIIVNYON 


00 


25 


ce) 


100 
JUNCTION TEMPERATURE (Ty) — 


SOURCE VOLTAGE (Vgs) — V 


TO 


GATE 


°c 


92CS-37059 


92CS- 37058 


Fig. 4- Normalized drain-to-source on resistance to junction 


Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFM10N45, RFM10N50 


GATE 
OURCE 


RL = 502 
Ig (REF) = 2.1 mA 


Vos — Volts 
Ves — Volts 


DRAIN SOURCE VOLTAGE 


Ig (REF) Ig (REF) 
Ig (ACT 1g (ACT) 


TIME — Microseconds 92¢S-37670 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


Veg *10V 

PULSE TEST 

PULSE DURATION = 80 pS 
DUTY CYCLE $2% 


DRAIN-TO-SOURCE ON RESISTANCE 


ie) 4 8 t2 16 20 
DRAIN CURRENT (Ip)—A 


24 


92CS- 37062 


Fig. 8- Typical drain-to-source on resistance as a function of 
drain current for all types. 


V, IOV HbR Ett 
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DUTY CYCLE < 2% 
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19) l 2 3 4 5 6 7 8 9 
DRAIN CURRENT (Ip)—A 


92CS- 37064 


Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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Veg F+lOV, +8 V 


DRAIN CURRENT (Ip)—A 


) 2 4 6 8 10 12 
DRAIN -TO-SOURCE VOLTAGE (Vps) — V 


92CS-37061 


Fig. 7 - Typical saturation characteristics for all types. 


an 
H 2 
4 wel bLE 
.;3000 If ty LL. 
al u = 
u 
| u = © 
os A <x = 
- Le cc 
oO a Lu 
< =_ 
a fos | 
< a. 
a 
<q 
Oo 


DRAIN -TO-SOURCE VOLTAGE (Vos) — V 


92CS-37063 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 


all types. 
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Fig. 11 - Switching Time Test Circuit. 
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Features 

¢ 12A, SOV and 100V | 

* rDS(on) = 0.22 

¢ SOA is Power-Dissipation Limited 
® Nanosecond Switching Speeds 

e Linear Transfer Characteristics - 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFM12N08 and RFM12N10 and the RFP12NO08 and 
RFP12N10 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


RFM12NO08/12N10 
RFP12N08/12N10 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
| TO-204AA 


DRAIN 


SOURCE J (FLANGE) 


GATE 


- TO-220AB 
TOP VIEW 


DRAIN 
(FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


RFM12NO08 

Drain-Source Voltage ....... 20. eeeceeeeeees Voss 80 
Drain-Gate Voltage (Rq@s = 1mQ) ............ VDGR 80 
Continuous Drain Current | i 

RMS Continuous) 24.060: sia si cceieue sees cunes Ip 12 
_ Pulsed Drain Current...........0. cee eee ee eee IDM 30 
Gate-Source Voltage ....... ccc cece cece eens Ves +20 
Maximum Power Dissipation : 

TOS FeSO title te etalon aaesee eeauee Pp 75 

Above Tc = +250G, Derate Linearly eee ee 0.6 
Operating and Storage Junction........... TJ,TSTG -55to+150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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G 
S 
RFM12N10 RFP12N08 RFP12N10 UNITS 
100 80 100 V 
100 80 100 V 
12 12 12 A. 
30 30 30 A 
+20 +20 +20 V 
75 60 60 WwW 
0.6 0.48 0.48 W/°C 
-55to+150 -55to+150 -55to+150 oC 
File Number 1386.1 


Specifications RFM12N08, RFM12N10, RFP12NO08, RFP12N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T.)=25°C unless otherwise specified 
LIMITS 


TEST RFM12N08 RFM12N10 
Se ee nee CONDITIONS RFP12N08 RFP12N10 wt 


Drain Source Breakdown Voltage 
Gate-Threshold Voltage Vas(th) 


Zero-Gate Voltage Drain Current 
HA 
Gate-Source Leakage Current ae nA 
Drain-Source On Voltage Vps(on)? 
V 


N-CHANNEL 
POWER MOSFETs 


Rgen=Rgs=50 22 85(Typ) | 130:- 
pte | Vs=10V100(Typ)} 150 [100(Typy) 150 _| 
Thermal Resistance Junction-to-Case RFM12N08, 
1.67 1.67 
RFM12N10 ey 
RFP12N08, 


4Pulsed: Pulse duration=300 ys max., duty cycle=2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM12N08 RFP12No8 
CHARACTERISTIC SYMBOL | CONDITIONS RFM12N10 REP12Ni0 = | UNITS 
Diode Forward Voltage | Ve — | tA | OC | te [| — | te | lv 
A 


Reverse Recovery Time a die ae a0 Aves 150(typ) 150(typ) | ons 


“Pulse Test: Width < 300 us, duty cycle < 2%. 
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RFM12N08, RFM12N10, RFP12N08, RFP12N10 


CASE TEMPERATURE(Tc)= 25°C 

(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 


< 
4 
a 
Ls 
- 
2 
WwW 
c 
4 
=] 
o 
z 
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« 
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aS Pig toes goa 1000 


_ DRAIN-TO-SOURCE VOLTAGE (Vos )-V 
92CS- 36080R1 


Fig. 1 - Maximum operating areas for all types. 


ESHOLD VOLTAGE 
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sueee RFP 72NOS H 
sauna WAREANY CoN IN - 
SRuaRen rt 7 
sanEs 


GATE THR 


POWER DISSIPATION (P7)—W 


- NORMALIZED 


0 50 100 180 | 
JUNCTION TEMPERATURE (T))—°C ; 


9208-34359 


100 50 
CASE TEMPERATURE (Tc)—°*C 
92CS-34364R2 


Fig. 2 - Power dissipation vs. temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


PULSE TEST 
14) PULSE DURATION®80 us 
DUTY CYCLE ¢ 2% 
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ON- STATE DRAIN CURRENT [Ip(ON)]-A 


L sisson aaa0te 
mi Be ae 


6 
JUNCTION TEMPERATURE (T,)—°C GATES 1 TO- SOURSE VOLTAGE oe 
92CS-35170 92CS-35159 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 - Typical transfer characteristics for all types. 
perature for all types. eis 
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RFM12NO08, RFM12N10, RFP12NO08, RFP12N10 


Vps — Volts 
VGs — Volts 


TIME — Microseconds 
: 92CS37644 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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PULSE TEST 
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DUTY CYCLE < 2% 
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ORAIN CURRENT (Ip)-A 
92CS-35158 


Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 


PULSE DURATION=80 ys 


H CYCLE 2% . 
CASE TEMPERATURE 


DRAIN CURRENT (Ip )-A 
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DRAIN TO SOURCE VOLTAGE (Vpg)—-V 


92CS- 35155 


Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 
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Fig. 11 — Switching Time Test Circuit 
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Features 

e¢ 12A, 180V and 200V 
* TDS(on) = 9.252 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM12N18 and RFM12N20 and the RFP12N18 and 
RFP12N20 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


_ The RFM-types are supplied in the JEDEC TO-204AA steel 
package and the RFP-series types in the JEDEC 
TO-220AB plastic package. 


RFM12N18/12N20 
RFP12N18/12N20 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 

TO-204AA 

DRAIN 

SOURCE / (FLANGE) 
TO-220AB 
TOP VIEW 
DRAIN a 
eer 
(FLANGE) SOURCE 


eee DRAIN 


i ae |e 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (TC = 25°C), Unless Otherwise Specified 


RFM12N18 

Drain-Source Voltage ...........0eee- ere Voss 180 
Drain-Gate Voltage (RGsg =1mN) ............ VDGR 180 
Continuous Drain Current 

RMS Continuous so. sss06s0 in saaseoeweeca Ip 12 

Pulsed Drain Current........... daseaon tsar IDM 30 
Gate-Source Voltage ......... cece cece e eens .. Vas +20 
Maximum Power Dissipation 

TG 425°C en ciieracnydseteeriiavetadadoes Pp 100 

Above To = +259C, Derate Linearly ............. 0.8 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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D 
G 
Ss 

RFM12N20 RFP12N18 RFP12N20 UNITS 

200 180 200 V 

200 180 200 V 

12 12 12 A 

30 30 30 A 

+20 +20 +20 V 

100 75 75 Ww 

0.8 0.6 0.6 W/9G 
-55to +150 -§5 to +150 ~55 to +150 oC 

File Number 1461.1 


Specifications RFM12N18, RFM12N20, RFP12N18, RFP12N20 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T.)=25° C unless otherwise specified 
) LIMITS 


RFM12N18 RFM12N20 | 
ai | wa ie) a anu 
Drain-Source Breakdown Voltage BVoss Ip=1 mA ‘a 
Vas=0 
Gate-Threshold Voltage Vas(th) Vaes=Vps. 
Ip=1 mA 


TEST 
CONDITIONS 


CHARACTERISTIC SYMBOL 


Zero-Gate Voltage Drain Current Vos=145 V 

Vps=160 V 

Tce=125°C 

Vos=145 V 
Gate-Source Leakage Current Ves=+20 V Siaial all 100 

eo | 
Drain-Source On Voltage Vps(on)® = pend 
V 


Static Drain-Source On Resistance 'ps(on)® ln=6 A 
Ves=10 V 


N-CHANNEL 
POWER MOSFETs 


= 700 [= 700] 
600 | — | 600} pF 
Roverse-Trarser Gapactance | Cm = {300 [| — | -300_| 
Voor100V |S8ttyp)| 50 [S6(typ)| 50 
TRiseTime dro A“ OGtyp)] 200 HaOUtypy| 200 
Roen=Rs=50 ff20(typ)| 180 _20(typ)|_180_| 
Ves=10v _ffo5(typ)| 160 Ho5(typ)]| 160 


Thermal Resistance ey RFM12N18, 
eRe 
RFP12N 18, cae 
| rpiwzo | 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


| TEST RFM12N18 RFM12N20 
CHARACTERISTIC SYMBOL | CONDITIONS RFEP12N18 RFP12N20 ~—sC|: UNITS 


| MAX. | MIN. | MAX. 
er ae ae ee 


sels 
4) 
° 
@) 
~S 
= 


Diode Forward Voltage | Isp=6 A COL 


Reverse Recovery Time de joe. Wig 325(typ) 325(typ) 


8Pulsed: Pulse duration=300 us max., duty cycle=2%. 
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Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 
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Fig. 4 - Normalized drain-to-source on resistance as a function 


50 


RFM12N18, RFM12N20, RFP12N18, RFP12N20 


DRAIN CURRENT (Ip)—A 


g| CASE TEMPERATURE (Tc) =25°C 


(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 


HOPERATION IN THIS AREA 


1S LIMITED BY rps (on) 


2 4 6 8 2 4 
10 


DRAIN-TO-SOURCE VOLTAGE (Vps) —V 


92CS- 36495R1 


Fig. 1 - Maximum safe operating areas for all types. 
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_2 
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ie} 100 
JUNCTION TEMPERATURE (Tj)—°C 
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gi 3 - Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 
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of junction temperature for all types. 
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Vos 7IOV 

4 a5 PULSE TEST 
PULSE DURATION 2804S 
DUTY CYCLE < 2% 


GATE-TO-SOURCE VOLTAGE (Vgs) — V 
92CS-36491 


Fig. 5 - Typical transfer characteristics for all types. 


RFM12N18, RFM12N20, RFP12N18, RFP12N20 


Vos— Volts, 
Vos — Volts 


Ig (REF) ape 
Ig (ACT) Ig (ACT) 


TIME — Microseconds 9205-37662 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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DUTY CYCLE < 2% 
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Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 
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Fig. 11 — Switching Time Test Circuit 
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RFH12N35 
RFH12N40 


N-Channel Enhancement-Mode 


Ga HARRIS 


August 1991 | Power Field-Effect Transistors 
Features > Package | | 
© 12A, 350V and 400V TO-218AC 
TOP VIEW 


® rps(on) = 0.0380 
© SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 
¢ High Input Impedance 
e Majority Carrier Device 


e High-Current, Low-Inductance Package 


Description 


The RFH12N35 and RFH12N40~ are_ n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


switching converters, motor drivers, relay drivers, and drivers D 
for high-power bipolar switching transistors. requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The RFH-types are supplied in the JEDEC TO-218AC plastic : S 
package. 

S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 

| RFH12N35 ~ RFH12N40 UNITS 

Draln=Source Voltage is. sis ve ccssca ences se eeee ee ceewene ates Vpss 350 400 V 
Drain-Gate Voltage (RGS = 1M2) 2... cc eect e cece eens VDGR 350 400 V 
Continuous Drain Current.......0.ceececceecceereencenteecees Ip 12 12 A 
Pulsed Drain Cument iiccdcc ciate ees edoaeasdas Siaiwameas IDM 24 24 A 
Gale-Source VONAGE. 0.05 tice an 0655 Scenes ohivedees aes Ves +20 +20 V 
Maximum Power Dissipation . 

TO 42096 wirtlawint coeiewete isa seannds ebneeeewetods Pp 150. - 150 WwW 
Linear Derating Factor............ee00- tt Crseetemetaneneeeaens 12 =. eh WRC 
Operating and Storage Temperature ...........eeeeeees Ty TSTG -55 to +150 -~55to+150 — oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 1 6 30.1 


Copyright © Harris Corporation 1991 
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Specifications RFH12N35, RFH12N40 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specifled. 


LIMITS 
UNITS 


CHARACTERISTIC 


SYMBOL 


Drain-Source Breakdown BVpss ln=10mA V 
Voltage | Vas = 0 


Gate Threshold Voltage Vas(th) Vas = Vos 
Zero Gate Voltage Drain loss Vos = 280 V 1 — 
| Te = 125°C LA 


Vos = 280 V — 50 — 
Vos = 320 V — = = 


Gate-Source Leakage Ves = +20 V _ 100 _ 100 nA 
Current Vos = 0 


Drain-Source On Voltage 


Static Drain-Source On ros(on)4 ID=6A 0.38 0.38 Q 
Resistance Vas = 10V 
Forward Transconductance Ots® Vps = 10 V (= eo og eo] mho 
IDb=6A 


Input Capacitance a 


N-CHANNEL 
POWER MOSFETs 


Output Capacitance 


Reverse Transfer Capacitance = 000 
Turn-On Delay Time Vop = 200 V 30(typ) | 50 30(typ) | 650 
Rise Time ID=6A 

PRiseTime 105(typ) 105 (typ) i. 
Turn-Off Delay Time Rgen=Rge=502 | 480(typ) 480(typ) 


Thermal Resistance R8c RFH12N35, 
Junction-to-Case RFH12N40 0.83 °C/W 
Series 


Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST CONDITIONS 


Diode Forward Voltage Vsp * Iso = 6A Eales 
Reverse Recovery Time tr le = 4A, dir/d; = 100 A/us 950 (typ.) 950 (typ.) 


* Pulse Test: Width < 300 ys, Duty cycle < 2%. 


CHARACTERISTIC 
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RFH12N35, RFH12N40 
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Fig. 2- Power vs. temperature derating curve for all types. 
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GATE-TO- 
Typical transfer characteristics for all types. 


Fig. 5 
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°c 
92CS-37233 


JUNCTION TEMPERATURE (Ty 


Fig. 4- Normalized drain-to-source on resistance to junction 
temperature for all types. 


RFH12N35, RFH12N40 


PULSE TEST 
PULSE DURATION = 80,5 
DUTY CYCLE < 2% 
Seeagecccesecsececnasesesstss saz 
aT THREE 
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Zaif 


Ri = 33.39 
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TIME — Microseconds 9205-37687 oO 2 4 6 8 Ke) 12 14 
DRAIN-TO-SOURCE VOLTAGE (Vps)-V 
92CS- 37236 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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Gt HARRIS 


August 1991 


Features 

e 12A, 350V and 400V 

* DS(on) = 9.52 

¢ SOA is Power-Dissipation Limited — 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM12N35 and RFM12N40 n-channel enhancement- 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar transistors requiring high speed and low 
gate-drive power. These transistors can be operated direct- 
ly from integrated circuits. 


The RFM types are supplied in the JEDEC TO-204AA 
steel package. 


RFM12N35 
RFM12N40 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages | 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 259C), Unless Otherwise Specified 


Drain-Source VONAGS ose iticeeteaina sea ed eseawe whee eee eww ees 
Drain-Gate Voltage (RGS = 1MDL) .... cece cece cece eee eee w ee eeaes 


Continuous Drain Current 


RMS GCOntinuGUsss3.c3ce0 dive os ecebas aieG nese exe te cubation 
Palsed Drain Current | < s.i seed kan dae Caw. ewe Sl ede Se ee eee es 
Gate=Source Voltage: <c.2.scseeies esa kes tates thew eae weunes 


Maximum Power Dissipation 


TSS e00G ose sia nee cae MaeS VEG ONeG eee ee ee en ems aires 
Above Tc = +259C, Derate Linearly .......... ce cee ee eee eee eeees 
Operating and Storage JUNCHION ..... ccc cece cee cece ete e eee eeenes 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
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D 
G 
Ss 
RFM12N35 RFM12N40 UNITS 
eee Vpss 350 400 V 
VDGR 350 400 Vv 

sateen Ip 12 12 A 
Gaines oe IDM 24 24 A 
le soata svete Ves +20 +20 V 
isc Pp 150 150 Ww 
wii en aio 1.2 1.2 W/°C 
1 Ty TSTG  -55to+150 -55to+150 Te 


File Number 1787 


Specifications RFM12N35, RFM12N40 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
TEST 


Drain-Source Breakdown BVoss lb=10 mA = 400 = 
Voltage Vas = 0 
Gate Threshold Voltage Ves(th) Vas = Vos pa foe fia 
lb=1mMmA : : 


Vos = 280 V 
Vos = 320 V 
Tc = 125°C 
Vos = 280 V 


Zero-Gate Voltage Drain 
Current 


Vos = 320 V p= 
Gate- = 
ate-Source Leakage lass Ves = £20 V mv 100 aK 
Current Vos = 0 
Drain-Source On Voltage Vps(on)@ ID=6A 3 3 
Vas = 10V 
= 1 . 
1 Metre 10 10 
Ves = 10V 
Static Drain-Source On 'ps(on)@ ln=6A 05 
Resistance Ves = 10V 


Forward Transconductance Ots® Vos =10V 
ee 4 mho 
D = 


| Turn-On Delay Time talon) __| 
t 


Rise Time 


| = | 900 

| = | 40 | — | 400 

| so(typ) | 50 | 30(typ) | 50__| 

| 
Pigen=Rge=500 = 
Ves=10V__| 140(typ) | _200__| 140(typ) | 200 


Thermal Resistance Rec RFM12N35, 
Junction-to-Case RFM12N40 0.83 0.83 °C/W 
Series 


€@Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC } RFMI2NGS 


Diode Forward Voltage Vsp Isp =6A Pees | 4 
Reverse Recovery Time tr le = 4A, dle/d: = 100 A/us 950 typ. 950 typ. 


* Pulse Test: Width <= 300 ws, Duty cycle S 2%. 


TEST CONDITIONS 
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Fig. 2 - Power vs. temperature derating curve for all types. 


92CS-37234 


GATE-TO-SOURCE VOLTAGE (Vgg)-V 
Fig. 5 - Typical transfer characteristics for all types. 


92CS-37233 
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JUNCTION TEMPERATURE (T,)—°C 


Fig. 4- Normalized drain-to-source on resistance to junction 
temperature for all types. 


RFM12N35, RFM12N40 


400 


300 


V6s — Volts 


Ig (REF) 
Ig (ACT) 


Ig (REF) 
Ig (ACT) 


TIME — Microseconds 9205-37867 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


PULSE TEST 
PULSE DURATION = 80us 
DUTY CYCLE < 2% 
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Fig. 10 - Typical forward transconductance as a function of drain 
for all types. 
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PULSE TEST 
PULSE DURATION =680us 


DUTY CYCLE < 2% 


DRAIN CURRENT (Ip)-A 


2 4 6 8 10 12 


4 
DRAIN-TO -SOURCE VOLTAGE (Vp5)-V 
92CS- 37236 


Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 


all types. 
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Fig. 11 - Switching Test Time Circuit. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
' Copyright © Harris Corporation 1991 


RFD14N05/05SM 
RFP14N05 


N-Channel Enhancement Mode Power 


Ga HARRIS 


May 1991 Field Effect Transistors (MegaFETs) 
Features | Packages 
° 14A, 50V TO-220AB 


TOP VIEW 
e RpS(on) = 0.120 


DRAIN carat 
e UIS SOA Rating Curve (Single Pulse) (FLANGE) — DRAIN 
e SOA is Power-Dissipation Limited | | os CATE 


e Nanosecond Switching Speeds | 


e Linear Transfer Characteristics 


TO-251AA 
¢ High Input Impedance TOP VIEW 
© +175°C Operating Temperature | a "> SOURCE 
| — _________._9 DRAIN 
TAB 
> GATE 
Description | 
The RFD14N05, RFD14NO5SM, and RFP14NO5 n-channel 
power MOSFETs are manufactured using the MegaFET TO-252AA 
process. This process which uses feature sizes approaching TOP VIEW 
those of LSI integrated circuits, gives optimum utilization of . 
silicon, resulting in outstanding performance. They were DRAIN 2] SOURCE 
designed for use in applications such as switching regulators, TAB J] DRAIN 
switching converters, motor drivers, relay drivers, and emitter ; i""T] GATE 
switches for bipolar transistors. These transistors can be 
operated directly from integrated circuits. 
The RFD14NO05 is supplied in the JEDEC TO-251 plastic ? A 
package, the RFD14NOSSM in the JEDEC TO-252 plastic | 7@7//nal Diagram 
package and the RFP14NO5 in the JEDEC TO-220AB plastic N-CHANNEL ENHANCEMENT MODE 
package. 
D 
) : 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
Drain-Source Voltage, VpSS......... eee eeees (ate ois nahi alian tama nase hos witnen dia hs hs nae hate aaubondL aa eum eR ean Las 50V 
Drain=Gate Vollage (REe= 1M) VOC Riss ace ie ecrce aia ds ose AWG Mee ee de aS owe dda s Ween sera dee eva esa taeda tts SOV 
Gate-Source Voltage, VGS eee iinet ese teaieauae dae ie dares eer eeee ee ee ee ee ee re Pee er re +20V 
Drain Current: 
BMS CONURUOUSHD) 05.08 beens cir neue ene ese eatin. can enulgiau sia ANeda seh eee abe donee Saya eNee NS eae ee Aiea eee ees 14A 
Pulsed Mp iapeacse etree tvas sat Cus thao ds tanh cata ua nano eaued tea tiea aau ean eek neuaoenens ct aseu tae 35A 
Single Pulse Avalanche Energy Rating, (Refer to UIS SOA Curve) 
Power Dissipation, Pp: 
ECS oC tesa teow al vebeed steven haauenoe sedans olaauee weasiaenen cade mower toes MeoaNes wautesau te beans a toe 48w 
Derate Above 1250S ocsiiee euatwe dave since aa these soee nin eM nbs bees eeu ee te ae tw etwan hwhes Rape wes eae 0.32W/9C 
Operating and Storage Junction 
Temperature Range; TG TS TG ek cca oie ewes ea Oa ete i he ea a hdd een he WE ee ce eta okt eae teatdatnw ey -55 to +1759C 
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RFD14N05, RFD14NO5SM, RFP14N05 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C unless otherwise specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVoss lp = 0.25 MA, Ves = 0 V 50 = ov | 
Gate-Threshold Voltage Ves(th) Ves = Vos, Ip = 0.25 mA 


. Vos = 40 V, Ves = OV 
Ves = +20 V en ed 
lo = 14 A, Vos = 10 V | = | 
Turn-On Time t(on) | — | 60 | 
Voo = 25 V, lo =7A | = | 14 (typ.) | 
|= | 26 typ.) | 
i | = | 45 (typ.) | 
| =| 17 (typ.) | 
ee ee 
Total Gate Charge Q,(total) | Ves=0-20V {| — | 40 | . 
Gate Charge at 10 V Q,(10) | Ves=0-10V {| — | nc 
Ves=0-2V |  — | 
lo = 14 A, Vos = 15 V oe al 
| Thermal Resistance, Junction-to-Case_ Rac | 
nomen mn ex [TofS 
TO-220 | 
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


lor = Igo = 0.2 A 
Turn-Off Delay Time ta(off) Ves (clamp) + 10 V,-0.6 V 
Fall Time ty ,RL=3.570 
Von = 25 V, lob = 7A, L=0.2uH 
Turn-Off Energy Loss per Cycle Eott Ri = 3.57 Q, Ig1 = Ig2 =O.2A - 
Diode Forward Voltage Vso Isp = 14 A V 
Reverse Recovery Time tr le = 14A, dled: = 100 A/ 


Turn-Off Time t(off) 
, Ves (clamp) + 10 V, -0.6 V 


| 00 Ee SERRE ae ae BS FO RR RE Cn I Ai Oo OE OO © Ce DE pe ree a ee 
i ee et Le 


CASE TEMPERATURE (Tc)<25degC 


ee a A Ee al nm ann SA HS A Ba 0 

100.0 ——=—= eth 8 A A BP 

—————— aoe — =o san om tn eT 
ae os 


oe — Se oS E a anni 
SS ae ore eas as els 
* yee Ig} SSE 
me (O20 _————————S>SSSS SSS SS ra RR 
Sa = eee TIMKROAN, ATE stains 1 ioste 
tS AREA IS LIMITED BY Rda(ondy “She Same ea 09 Sed DER We ta Da Pee "en mma IG 
AS HS 7 6 eee SSS 
B io tte — od Se es ca VLG | SS SO <A 
———=—<——$—$ — PT OAT 
=e CT SQ 
ras} 2 ee ee ee 

ST tice tb NI 

i cad | 
{ 10 100 0.01 0.10 1.00 10.00 
DRAIN-TO-SOURCE VOLTAGE (CVde) - VOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING 
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N-CHANNEL 
POWER MOSFETs 


ORAIN CURRENT (Id) - ANPS 


NORMALIZED RdeCond 


RFD14NO05, RFD14NO5SM, RFP14N05 


& 
z 
ca 
—! 
=, 
S 
fae 
a 
a 
So 
i 
3 
a. 
26 50 75 100 . 125 150 176 "Oo 25 50 75 100 125 15c0—-ti«*L'72S 
CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (Tc) - degC ees 
‘FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. NORMALIZED POWER DISTRIBUTION vs 
TEMPERATURE TEMPERATURE DERATING 
VOD#15V 
PULSE DURATION=80us Te=25degC ae 
5 
rt) 3 
a ray 
> c=) 
t 7 
pS w 
fa e 
Gi 3 
a = 
O = 
z 5 
“ us 
0 c 
wo 
= 
[ow] 
ORAIN-TO-SOURCE VOLTAGE Wds)-V GRTE-TO-SOURCE VOLTAGE (Vgs) - V VGS14NOS 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
a0 PULSE DURATION=250ue Vge=10V Id@14A hen Vge=Vde Id=250uA 
w 
Cc 
2.5 = 1.25 
>= 
i 
2.0 5 1.00 
om 
es 
1.5 0.76 
tus oo 
— Se 
S 
1.0 ~, 0.60 
Pr 
ond 
0.5 = 0.0 
3 
0.0 0.00 
~50 50 100 160 200 60 0 50 100 150 200 
JUNCTION TEMPERATURE (TJ) - degC JUNCTION TEMPERATURE (TJ) - deg = gauage 
FIGURE 7. NORMALIZED RDS(on) vs JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE TEMPERATURE . 
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NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdes) - VOLTS 


RFD14N05, RFD14NO5SM, RFP14N0O5 


CRSS CISS Coss 


Id=250uA Vgs=0V FREQUENCY ff 


rn 

S) 

g 
ue 
= 
x 


._ 
a1 


(=) 
CAPACITANCE (C)-pf 


(=) 
° 
oi 


a P BD on 160 m0 5 10 15 20 25 
JUNCTION TEMPERATURE (TJ) - degC = prong SOURCE” O-OBAITYOEIAGE NadieW 

CAPGEX14NOSLCF 5 

FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 


GATE 
SOURCE 
VOLTAGE 
Ry = 3.572 
Y \c (REF) = 0.30 ma 
, 


VOLTAGE vs TEMPERATURE 


Vps— VOLTS 


0 
Ig (REF) go 1G(REF) 
ig(ACT) TIME—MICROSECONDS Ig (ACT) 


92GS-44163 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE CURRENT 
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RFD14NO5, RFD14NO5SM, RFP14NO5 


Ig, > Ig, 
fe) 
10V 
SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 
FIGURE 12. RESISTIVE SWITCHING 
Vps 
VARY tp TO OBTAIN : 


REQUIRED PEAK I, 


oll 
Ves= 10V ; 
p 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT . FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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Gt HARRIS 


RFM15N05/15N06 


RFP15N05/15N06 


May 1992 


Features 

e 15A, 50V and 60V 

* fDS(on) = 0.14 

e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

° High Input Impedance 

e Majority Carrier Device 

e Temperature Compensated SPICE Model Provided 
Description 


The RFM15NO05 and RFM15NO6 and the RFP15NO5 and 
RFP15NO6 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
TO-220AB plastic package. 


‘N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE 4 (FLANGE) 
@ 
GATE 
TO-220AB 
TOP VIEW 
DRAIN meek 

7 DRAIN “” 
[ane ) 
< = 
ir 
28 
a. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°9C), Unless Otherwise Specified 


RFM15N05 

Drain-Source Voltage ....... cee ce cece ee eens Voss 50- 
Drain-Gate Voltage (RGs =1MmN)............ VDGR 50 
Continuous Drain Current 

RMS ContinuQus das c28c0 6 Saceed aed tee ewice ID 15 

Pulsed Drain Current..........2 ccc cece eens IDM 40 
Gate-Source Voltage ss cuccidasc ccna sede os VGs +20 
Maximum Power Dissipation 

TOES 259C 20s etree ieremmai sees te clei das Pp 90 

Above Tc = +259C, Derate Linearly ............. 0.48 
Operating and Storage Junction ........... Ty, TSTG -55 to+150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1992 
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D 
G 
Ss 
RFM15NO6 RFP15NO05 RFP15NO06 UNITS 
60 50 60 V 
60 50 60 V 
15 15 15 A 
40 40 40 A 
+20 +20 +20 V 
90 90 90 Ww 
0.48 0.48 0.48 W/°C 
~55 to +150 -55to +150 -55 to +150 Te: 
File Number 1478.1 


RFM15N05, RFM15NO0O6, RFP15NO5, RFP15NO06 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25°C unless otherwise specified 


SYMBOL 


Drain-Source Breakdown Voltage 
Gate-Threshold Voltage Vas(th) 


| Min. 
Zero-Gate Voltage Drain Current Yee ee 
Tc=125° C 
Vps=50 V 
Gate-Source Leakage Current Ves=+20 V 100 
parsers ren ee 
. 1.05 


Drain-Source On Voltage Vps(on)® IpD=7.5A — 
Ves=10 V 


Ip=15 A 2.5 2.5 v 

verov | | | | 
Static Drain-Source On Resistance | rps(on)? Ipb=7.5A 0.14 0.14 Q 
pine Drasouee On eenaee Te  eow | ON | 
Forward Transconductance Vps=10 V 2 2 
Lanceaianeicnngn Sasi Ok) (cll ie Make 
—s 


LIMITS 


TEST 
CONDITIONS 


CHARACTERISTIC 


e50 | — | 
ce oe 
[180 [180 

t | 
ts(of Raen=Fgs=50 0 ie 


Fall Time tr Ves=10 V 66(typ) 66(typ) 


Thermal Resistance Junction-to-Case R@uc RFM15N05, 
1.67 1.67 
RFM15N06 °C/W 
RFP15NO05, 
RFP15N06 ed eg 


4Pulsed: Pulse duration=300 ys max., duty cycle=2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
} TEST RFM15N05 RFM15No6 
CHARACTERISTIC SYMBOL | CONDITIONS RFP15N05 RFP15N06 UNITS 
14 [| — | 14 | 


Diode Forward Voitage 
tr 


Reverse Recovery Time a 


“Pulse Test: Width < 300 us, duty cycle < 2%. 


| 
lr=4 A 
dir/d,=100 A/us 100 (typ) 100(typ) pe 
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RFM15N05, RFM15N06, RFP15N0O5, RFP15NO6 


GATE SOURCE 
VOLTAGE 


Rr ohms 
1, CREF )“532 ma 


Vds - V 
Vgs - V 


Ig( REF) 
I CAcT) 


Ig¢REF) 


Time - us IgCAct) 


FIGURE 1. NORMALIZED SWITCHING WAVEFORMS 


[*) 
e 
Oo 


fae) 
e 
ao 


hs 
—) 


a 


._ 
i) 


0.5 


NORMALIZED DRAIN TO SOURCE RES R4.(ond 


-50 = -25 0 25 50 75 100 «6—[2@ 6150 = 175 200 
JUNCTION TEMPERATURE (T; )-°C 


8 


CAPACITANCE (Cd FO 


5 10 15 20 25 30 6.5) 40 45 50 
1/01 DRAIN TO SQURCE VOLTAGE (Vps)-V 


FIGURE 5. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE 


DRAIN CURRENT (IQ )-A 


2 4 
71 DRAIN TO SOURCE VOLTAGE (Vpg)-V 


FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


Td=260ua 


g 


N-CHANNEL 
POWER MOSFETs 


8 


0.75 


NORMALIZED BREAKDOWN VOLTAGE (8Vdss)-V 


0.60 
~50 0 60 100 150 200 


i JUNCTION TEMPERATURE (T; )-degC 


- 


FIGURE 4. BREAKDOWN VOLTAGE vs TEMPERATURE 


ORAIN-CURRENT(C Ip )-A 


id 100 
1701 DRAIN-SOURCE VOLTAGECVps)-V 


FIGURE 6. MAXIMUM SAFE OPERATING AREA 
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RFM15N05, RFM15NO6, RFP715N05, RFP15NO6 


Vos??Ipcond * Rpscony max 


ON STATE ORAIN CURRENT (In I-1 


7g 4 6 B 
Wor GATE TO SOURCE VOLTAGE (Vgg)-V 


FIGURE 7. TYPICAL TRANSFER CHARACTERISTICS 


0.75 


MALIZED GATE THRESHOLO VOLTAGECVgs)-V 


NOR 


0 50 100 160 
1701 JUNCTION TEMPERATURE (Ty )degC 


DRAIN TO SOURCE ON RESISTANCE CRo5(ON))-mOHMS 


FIGURE 9. THRESHOLD VOLTAGE vs TEMPERATURE (Ty) 
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ie 
en 


—f— 
ee ent 
4 
a 
ae ee 
a 
2 


4 6 8 10 
DRAIN TO SOURCE CURRENT (Ip )-A 


FIGURE 8. rps(oNn) V8 DRAIN CURRENT 


KELVIN 
CONTACT 


FIGURE 10. SWITCHING TIME TEST CIRCUIT 


RFM15N05, RFM15NO6, RFP15NO05, RFP15NO6 
Spice Model (RFM1 5NO6) 


SUBCKTRFM15NO6 2 1 3; rev01/07/91 

*Nominal Temperature = 259C 

-MODEL MOSMOD NMOS (VTO=3.46 KP=3.09 IS=le-30 N=10 TOS=1 L=lu W=tu) 
Vito 21 6 .74 

Rsource 8 7 RDSMOD 34.82e-3 

Rdrain 5 16 RDSMOD 13.3e-3 

-MODEL RDSMOD RES (TC!l=6.5e-3 TC2=3.28e-5) 

-MODEL RVTOMOD RES (TCI=-4.30e-3 TC2=-3.77e-6) 

-MODEL RVTOMOD2 RES (TCI=O TC2=0) 

Ebreak 11 7 17 18 102.35 

-MODEL RBKMOD RES (TCI=8.33e-1 TRS1=7.81e-4 TRS2=-9.28e-6) 

-MODEL DBKMOD D (RS=3.83e-1 TRS1=7.81e-4 TRS2=-9.28e-6) 

-MODEL DBDMOD D (IS=8.16e-13 RS=1.54e-2 TRS1=1.77e-3 TRS2=1.85e-5) 
+CJO=9.16e-10 TT=7e-8 

Cin 6 8 4.44e-10 

Ca 12 8 9.14e-10 

-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.66 VOFF=-1.66) 
-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.66 VOFF=-3.66) 
-MODEL DPLCAPMOD D (CJO=4.90e-10 IS=le-30 N=10) 

Cb 12 14 5.81e-10 

-MODEL S2AMOD VSWITCH (RON=le-5 ROFF=0.1 VON=3.07 VOFF=8.07) 
MODEL S2BMOD VSWITCH (RON=le-5 ROFF=0.1 VON8.07 VOFF=3.07) 
Rgate 9 20 20.43 

Lgate 1 9 1.32e-8 

Ldrain 2 5 1.0e-10 

Lsource 3 7 1.68e-8 

Dbody 7 5 DBDMOD 


Dbreak 5 11 DBKMOD 
Dpicap 10 5 DPLCAPMOD 
Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evo 20 6 18 8 1 

It 8 17 1 


Mos 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sla 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S$2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 


LENDS 
10 5 — 
Dpicap Ldrain 2 
Rdrain 7 
Dobreck 
Esg (+) - red 
+ Vto 
evto = i + a Mos2 é% Dbody 
GATE mets + = Mics Wie 
1” Lgate : = : Ebreck (4) 
Rin =Cin - 
; Rsource Lsource , 
O 
7 
re Sla¢ 4 S2a SOURCE 
5 Rbreak 
i 6 
Sib 7 Y S2b 
3 Rvto 
Cb 
o +{ 1 C4 )it ied 
OmIO vit 
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N-CHANNEL 
POWER MOSFETs 


RFM15N05, RFM15NO0O6, RFP15NO85, RFP15NO6 


Spice Model (RFM15N06) 


SUBCKTRFM15NO6 2 1 3; rev0i/07/91 

*Nominal Temperature = 25°C 

MODEL MOSMOD NMOS (VTO=3.46 KP=3.09 IS=le-30 N=10 TOS=1 L=lu We=lu) 
Vto 21 6 .74 

Rsource 8 7 RDSMOD 34.82e-3 

Rdrain 5 16 RDSMOD_ 13.3e-3 

-MODEL RDSMOD RES (TCI=6.5e-3 TC2=3.28e-5) 

-.MODEL RVTOMOD RES (TCI=-4.30e-3 TC2=-3.77e-6) 

MODEL RVTOMOD2 RES (TCI=O TC2=0) 

Ebreak 11 7 17 18 102.35 

.MODEL RBKMOD RES (TCI=8.33e-1 TRS1=7.81e-4 TRS2=-9.28e-6) 

-MODEL DBKMOD D (RS=3.83e-1 TRS1=7.81e-4 TRS2=-9.28e-6) . 
-MODEL DBDMOD D (IS=8.16e-13 RS=1.54e-2 TRS1=1.77e-3 TRS2=1.85e-5 +CJO=9.16e-10 TT=7e-8) 
Cin 6 8 4.44e-10 

Ca 12 8 9.14e-10 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.66 VOFF=-1.66) 
MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.66 VOFF=-3.66) 
.MODEL DPLCAPMOD D (CJO=4.90e-10 IS=le-30 N=10) 

Cb 12 14 5.81e-10 

.MODEL S2AMOD VSWITCH (RON=le-5 ROFF=0.1 VON=3.07 VOFF=8.07) 
MODEL S2BMOD VSWITCH (RON=le-5 ROFF=0.1 VON=8.07 VOFF=3.07) 
Rgate 9 20 20.43 

Lgate 1 9 1.32e-8 

Ldrain 2 5 1.0e-10 

Lsource 3 7 1.68e-8 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dpicap 10 5 DPLCAPMOD 

Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 

t 8 17 1 

Mos 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sla 6 12 13 8 S1AMOD 

Slb 13 12 13 8 S1BMOD 

$2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 


LENDS 
10 5 | DRAIN 
ae Ldroin 2 
Esq 1) Rdrain Dbreok 4 
¢ Vto 
Evt —i|}— TY je Mos2 C® Dbody 
ro) 
ae Rgate Mos ale 
 lgate®  ™ : Ebreak (i) 
Rin Cin S (oe 
: Rsource Lsource : 3 
: SOURCE 
Rhreak 
Rvto 
(4) It 19 
= Vbat 
Ps 
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Gi HARRIS RFM15N12/15N15 
RFP15N12/15N15 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Packages 
” TO-204AA 
15A, 120V and 150V SeGNE 
* rDS(on) = 9-152 
© SOA is Power-Dissipation Limited SOURCE ae 


| / (FLANGE) 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 
¢ High input Impedance 


© Majority Carrier Device 


e = TO-220AB 
Description TOP VIEW 
The RFM15N12 and RFM15N15 and the RFP15N12 and 
RFP15N15 are n-channel enhancement-mode silicon gate DRAIN > source x 
power field-effect transistors designed for applications (FLANGE) Pp ===» DRAIN a ir 
such as switching regulators, switching converters, motor | eee GATE 7.) 
drivers, relay drivers, and drivers for high-power bipolar —— = = 
switching transistors requiring high speed and low gate- a 
drive power. These types can be operated directly from F as = 
integrated circuits. : Terminal Diagram 2 
The RFM series types are supplied in the JEDEC N-CHANNEL ENHANCEMENT MODE 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. D 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
RFM15N12 RFM15N15 RFP15N12 RFP15N15 UNITS 


Drain-Source Voltage ....... cee eee cece eens Voss 120 150 120 150 V 
Drain-Gate Voltage (RqGsg =1mM) ............ VDGR 120 150 120 150 V 
Continuous Drain Current 
BMS Continuous: ou owes an weed cane eee seeas Ip us 15 15 15 A 
Pulsed Drain Current... ..... 0. cece ce eee ce ees IDM 40 40 40 40 A 
Gale=Source VONAGE «5 cieceseewaeene eens wane Vas +20 +20 +20 +20 V 
Maximum Power Dissipation | 
TGS FeSO 2 oss vewortaaimeeed ts teaweseiegt Pp 100 100 75 75 WwW 
Above Tc = +25°C, Derate Linearly ............. 0.8 0.8 0.6 0.6 W/°CG 
Operating and Storage Junction ........... Ty, STG -55to+150 -55to+150 -55to+150 -55to+150 id © 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 4 43 


Copyright © Harris Corporation 1991 
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Specifications RFM15N12, RFM15N15, RFP15N12, RFP 15N15 


ELECTRICAL CHARACTERISTICS At Case Temperature (T.) = 25°C unless otherwise specified 


LIMITS 
RFM15N12 | RFM15N15 
RFP15N12 RFP15N15 


TEST 
CHARACTERISTICS SYMBOL CONDITIONS 


Drain-Source Breakdown Voltage BVpss 
Ves =0 


Gate Threshold Voltage. 
Vos = 100 V 
Vos = 120 V 
Te = 125°C 
Vos = 100 V 
Vos = 120 V 


UNITS 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Ves = + 20V 
Vos = 0 


3 
> 


1.125 1.125 


ID =15A 
Ves = 10 V 


a Ip = 7.5A 
ieston) Ves = 10 V 
=4 
Forward Transconductance Ore Vos OV 
: lIDb= 7.5A 


fo) 


oOl~n |S : = 
ala |o an wo =) a | = | :s 
C1 lS (oy) © 


eo) 


| 


oO 
zy | 3 : < = < < 
ie) 


120 
ID=7.5A 
: Ves = 10 V 
zs 
a 


wii oO 
aAla|a os 7) 
O10 lo o 


: 
Poon = Pos = 50.0 | 185(typ.)| 260 |185(typ.)| 280 


wows | - [=| - [ras 
asd RFP15N12 ee 
| | = [rer] = |rer 


RFP15N15 


Thermal Resistance 
Junction-to-Case 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS | 
TEST RFM15N12 RFM15N15 
CHARACTERISTIC CONDITIONS RFP15N12 RFP15N15 


SYMBOL 
7 | MIN. | MAX. _ 
=7. oe ae 


Reverse Recovery Time i dir/d,=100 A/ys 200(typ) '  200(typ) 


_ *Pulse Test: Width < 300 us, duty cycle < 2%. 
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RFM15N12, RFM15N15, RFP15N12, RFP15N15 


100 ,| CASE TEMPERATURE (Tc) = 25°C i 
(CURVES MUST BE DERATED 


8} LINEARLY WITH INCREASE 
IN Been URE) 


tt] 
stn 
rtf] 
Tt 
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a Hii Beet 
HHH THis AREAIS ith HE 
ee By Ei Baste 
eit suit ee 

ry e fi to ar 
wae ee BRO di ae di al 
10 BEEE REI ESRE EE TINS ants : EEE Iniinneessass ISS ERES 
; Ep citieetianiieseaesiimicessiss EH EEE] 
Fae titeias eae Hh H ett HH HEE 
6 sfeeef s+ msssesstt N PTH ge beets f= 1 -| 
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Hearne 
soba @ Be a: 
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DRAIN CURRENT (Ip) — A 


Riis Se ah ut niee 
HHT SS Ng 


mn 


a 


a iis a 
= sree dia suet aneece 


Voss (MAX) =150 V RFMISNIS/RFPISNIS tra 


pet 

COOH A 

4 6 8 (20 2 4 6 
150 


DRAIN - TO-SOURCE VOLTAGE (Vos) — V 
92CM~36155R1 


a 
Fig. 1 — Maximum operating areas for all types. rr u. 
<= 
HH OSe0 Saae6 Se <x 
HE RREETH REUTER RE? = te 
. iii _ HERHBHE a = 
> HH HEH oj i=) 
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f g 
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a. ae 
3 ah Pel 
5 HSH TH roan 
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eH sti z 
Bie 
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JUNCTION TEMPERATURE (T)—*C 
CASE TEMPERATURE (Tc) — °C 92CS-34815 
92CS-36154 
Fig. 2 — Power dissipation vs. case temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 


for all types. of junction temperature for all types. 


Vpg=10V iti paaumnennt 
PULSE TEST: 

35] PULSE DURATION = 8O0pS 
DUTY CYCLE <2% 
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Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 — Typical transfer characteristics for all types. 
perature for all types. 
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RFM15N12, RFM15N15, RFP15N12, RFP15N15 


150 PULSE TEST 


30| PULSE DURATION=80uSHt 
DUTY CYCLE $2% y 


CASE TEMPERATURE Hy 


(Tc)=25% 
112.5 
<q 
] 
2 £ r=) 
$ s : 
| 75 f b 
n no WJ 
8 S t 
oO 
z 
37.5 © 
a 
DRAIN SOURCE VOLTAGE 
4 as. 
Ig (REF) Ig (REF) 
‘ __— 0 ! 2 3 4 5 6 7 
Ig (ACT) tGABe DRAIN-TO-SOURCE VOLTAGE (Vps) — V 
TIME — Microseconds 92CS-37656 92CS-34823 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260. 
2 Vos 2 10V PULSE TEST 
3 0.30] PULSE DURATION = 80 2S 
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Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 — Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
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Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 


drain current for all types. 
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i HARRIS  RFD16NO05 
RFD16NO5SM 


N-Channel Enhancement Mode Power 
May 1992 Field Effect Transistors (MegaFETs) 


Features 3 Packages 
+ 16A, 50V — 
* DS(on) = 0.047 Q 


e UIS SOA Rating Curve (Single Pulse) 
— _____.___) DRAIN 


pee? GATE 


=~) SOURCE 
e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
® High Input Impedance 


¢ +175°C Operating Temperature TO-252AA 
TOP VIEW 


Description 


The RFD1I6NO5 and RFD16NO5SM n-channel power DRAIN must] SOURCE 
MOSFETs are manufactured using the MegaFET process. TAB” LJ DRAIN 

This process, which uses feature sizes approaching those — “T] GATE 

of LSI integrated circuits, gives optimum utilization of 

silicon, resulting in outstanding performance. They were 

designed for use in applications such as_ switching 

regulators, switching converters, motor drivers, relay : 7 

drivers, and emitter switches for bipolar transistors. These Terminal Diagram 

transistors can be operated directly from integrated circuits. N-CHANNEL ENHANCEMENT MODE 


The RFD16NO5 is supplied in the JEDEC TO-251AA 
plastic package and the RFD16NO5SM in the TO-252AA 
plastic package. 


D 


Absolute Maximum Ratings (Tc = 25°9C), Unless Otherwise Specified 


Drain=SOurce VONAGE, VnGGxd 24 bk cam aceds at eiaivada wah ee ct ania ld ieee ek cia tone Sy Ve atieeedanduaten seaateves 50V 
Drain-Gate Voltage thas = 1MS2); VO GR sins scandens Seltnete Wan sauas wate’ saxetena nsec eiene bees a Copa sdaeteewauean as SOV 
Gale-Source VOlade, VEC siete tiated acted ae ocala eet edebid cam ein nated owas aut seeere Kec nee shaw ene deaea +20V 
Drain Current: 
AMS: COntnuOUS Nt) case ncnwsdSuscnpeeinel eter cemtaee amee amigas cat ogua wives as we ea gue aa eeunen aan ehate sates kev 16A 
PUISCO NAc wicetiie s ncsowwdcien. sata ten eho te Wel Salata olan Utergeaeinae nadasdeb.aeeu das iekane rea eine cheemnaae eee wridas 45A 
Single Pulse Avalanche Rating, Refer to UIS SOA 
Power Dissipation, Pp: 
NGS F200G exc ota sin ately ee weele Manus Ose ce teibu eee taGGe beneeede has eeke vad ena eie ete ean aa oeaeebeaks T2W 
Derate AbOVe T=: 259C is. s-bs Sortnndat baw acineartes se eoe ew ae eee awa Wwe heas Avedned wemuate cam ewe nulbom ee eaeaees 0.48W/9C 
Operating and Storage Junction 
Temperature Range: Ti, (ST Gerisensss ts tea tauad dards secsiis ae ese WeuAeale eee Ue eee eke bow eee wanes oh ead -55 to +1759C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2267.1 
Copyright © Harris Corporation 1992 
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N-CHANNEL 
POWER MOSFETs 


Specifications RFD16N05, RFD16NO5SM 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25° C unless otherwise specified: 


Ip = 0.25 MA, Vos = 0V ee 
Ves=Vos lb=0.25mA | 2 | 4 | 
; : Vos = 40 V, Ves =O V 1 
Gate-Source Leakage Current less | Vos=+20V,Vos=OV | — | 100 | nA __ 
Static Drain-Source On Resistance ros(on) | lb = 16A,Vos=10V | — | 0047 | Q | 
ee a 
Von = 25 V, lo =8 A | — | 14 (typ.) | 
Io: = Igo = 0.4 A | — | 30 (typ.) | 
Ves (clamp) +10V,-06V |  — | 52 (typ.) | 
Ri = 3.125 9 | — | 16 (typ.) | 
| — | 100 | 
ee ee ee 
| — | 4 ~| «oc 
| Ves = 0-2 V | -— | 3 | 
lb = 16 A, Vos = 15 V en ee ee a 
Voo = 25 V, Ip = 8A, Re = 3.125 Q 
Turn-Off Energy Loss per Cycle Ett L=0.2 mH, lo =1g2=0.4A 19 TA) 
eee a a (es 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 


LIMITS : 
CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage Vsp Iso = 16 A 
Ip = 16 A, dlr/d = 100 A/ 


CASE TEMPERATUR 


m 
a 
Co | 
Q 
w 
t 
is’) 
oi 
a. 
oO 
<a 
Q 


2 
a Fs 
’ e 
3 S 
iz te 
a lu 
a m 
2 a 
Fa 3 
=z = 
ac - 
S : 
| 10 100 26 60 100 126 150 176 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS CASE TEMPERATURE (To) - degl 
Fig. 1 - Safe operating area curve. (Curves must be derated Fig. 2 - Maximum continuous drain current vs. temperature. 


linearly with increase in temperature. ) 
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RFD16N05, RFD16NO5SM 


POWER DISSIPATION MULTIPLIER 


PULSE DURATION=80us Tc=25degC 


DRAIN CURRENT (id)-AMPS 


0 26 60 76 100 126 160 176 DRAIN~TO-SOURCE VOLTAGE (Vds)-V 
CASE TEMPERATURE (To) - degC . 
Fig. 3 - Normalized power dissipation vs. temperature Fig. 4 - Typical saturation characteristics. 
derating curve. 
VDD=1 6V PULSE DURATION-250ue Vge~l0V Id-16A 


45 Pulse Test 
Pulse Duration=250us 


a  40(Duty Cycle=.6% MAX Pid 
2.6 ww} Lu 
a, 238 wn 
2 8 Ze 
2 S. :2.0 < = 
os] = co 
— oO 
~ 25 a = = 
: G 1.5 =s 
us 20 fe oO. 
a - 
pom] a 
Oo 15 z 41.0 
S = 
a= 10 
ay 0.6 
= 5 
0 0.0 : 
0.0 2.5 5.0 7.5 10.0 -60 0 i370) 100 150 200 
GATE-TO-SOURCE VOLTAGE (Vge) - V JUNCTION TEMPERATURE (TJ) - degC 
Fig 5 - Typical transfer characteristics. Fig 6 - Normalized Res(on) vs. junction temperature. 
Vgo-Vdo Id-260uA Id=250uA 


1.60 
WwW 
ido] 
[0 og 
"1.26 
Q 
> 
5 
2 1.00 
x 
wer 
wien 
Es 
—~0.76 
[+*] 
tu oO 
> 
a 
0.60 
Qa 
tuys 
Ss 
van 
= 0.26 
a 
Oo 
= 
0.00 
-60 0 50 100 150 200 


JUNCTION TEMPERATURE (TJ) - degC 


Fig. 7 - Normalized gate threshold voltage. 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdes) - VOLTS 


60 
JUNCTION TEMPERATURE (TJ) - degC 


Fig. 8 - Normalized drain source breakdown voltage vs. 
temperature. 
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CAPACITANCE (C)-pf 


RFD16N05, RFD16NO5SM 


CRSS CISS COSS 


Vgs=0V FREQUENCY (f=iMHz 


Vps — VOLTS 
Vgs — VOLTS 


Ig (REF) Ig (REF) : 


——~— TIME—MICROSECONDS 80;—~~— 
SOURCE-TO-DRAIN VOLTAGE (Vsd)-V Ig (ACT) Ig (ACT) 


Fig. 9 - Typical capacitance vs. voltage. Fig. 10 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


VoD 


RL 


0 GATE CURRENT 


Switching Test Circuit 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Gs ip 


STARTING TJ= 26degl 
STARTING TJ= !50dagC 


Tas - AMPS 


0.10 "1,00 
TIME IN AVALANCHE (tav) - MILLISECONDS 
Fig. 14 - Unclamped-inductive-Switching SOA. (Single Pulse UIS SOA) 
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a? HARRIS 


August 1991 


Features 

© 18A, 80V and 100V 

* DS(on) = 0.12 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics . 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFM18N0O8 and RFM18N10 and the RFP18NO8 and 
RFP18N10 are n-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


RFM18N08/18N10 
RFP18N08/18N10 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 
o 
GATE 
TO-220AB 


TOP VIEW 


(FLANGE) —— - 
__ > DRAIN rere 

© fi 

z= 

Terminal Diagram = 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


RFM18N08 

Drain-Source Voltage ..........eeeeceeeeeees Vpss 80 
Drain-Gate Voltage (Rag =1mN)............ VDGR 80 
Continuous Drain Current 

RMS Continuous ....... 0... cece ee ee eee ID 18 

Pulsed Drain Current... 0. cccecenecct ee snnee IDM 45 
Gate-Source Voltage: o.c..cessd seve veetsieaes VGs +20 
Maximum Power Dissipation 

To =+259C ...... Civ ddinetedotek eee et ater Pp 100 

Above Tc = +259C, Derate Linearly ............. 0.8 
Operating and Storage Junction ........... Ty, TSTG -55 to +150 


Temperature Range 


D 
G 
Ss 
RFM18N10 RFP18N08 RFP18N10 UNITS 
100 80 100 V 
100 80 100 V 
18 18 18 A 
45 45 45 A 
+20 +20 +20 V 
100 75 75 W 
0.8 0.6 0.6 W/9C 
-55to +150 -55to +150 -55 to +150 Te} 
File Number 1446 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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Specifications RFM18N08, RFM18N10, RFP18N08, RFP718N70 


ELECTRICAL CHARACTERISTICS At Case Temperature (T-.) = 25°C unless otherwise specified 
LIMITS 


: RFM18N08 RFM18N10 
| : TEST RFP18NO8 | RFP18N10 
CHARACTERISTICS SYMBOL CONDITIONS | MIN. |MAX.| MIN. | MAX. | UNITS 
| lb=1mA sea 
Drain-Source Breakdown Voltage BVpss : - 100 V 
Ves = QQ 
Ves = Vos 9 9 4 Vv 
lb =1mMmA 


Vos =65V 
Vos = 80 V 1 


eis 
Ves = + 20 V 
DS — 


300 | — | 300_| 
soive) | 90 [6o(yp)| 90 


Turn-On Delay Time 
300(typ.) | 450 | 300(typ.)| 450 _| 


Turn-Off Delay Time ta(off) Rgen = Rgs = 50 Q} 150(typ.) 150(typ.) | 225 | 
Fall Time tee Ves =10V | 150(typ.) 150(typ.) | 225. | 


| RFM18NO08, 1.25 4.25 
Thermal Resistance - RIIC RFM18N10 : °C/W 
Junction-to-Case RFP18N08, 
— 1.67 1.67 
RFP18N10 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM18NO08 RFP18N08 
SYMBOL | CONDITIONS REM18N10 RFPisnio —-:| UNITS 


| MIN. | MAX. | 
re ee ee ee 
ye 


A 
: l-=4 A 
Reverse Recovery Time te die/d.=100 A/s 150(typ) 150(typ) | ns | 


*Pulse Test: Width < 300 us, duty cycle < 2%. 


CHARACTERISTIC 
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RFM18N08, RFM18N10, RFP18NO8, RFP18N10 


| CASE TEMPERATURE (Tc) =25 °C # 


. (CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE ) 


Sea 
HERRERO 
Se See He 


BG : a 


100 , 


—_— | 
Baines 


DRAIN CURRENT (Tp) 


feeietesaticret nla 


DRAIN -TO-SOURCE VOLTAGE (Vos) -V 
92CM- 36150R1 


Fig. 1 — Maximum operating areas for all types. 


N-CHANNEL 
POWER MOSFETs 


SHOLD VOLTAGE 


Ih. 
=m 
x 
Les 
w 
ce) 
> 


[ 


se: ° eitea i 
at caus 


SSE pewianoo fete a aad H 
aN = SHEE Ht 


R FM 18 N Te) - Ht 


Ee TE TH! ae 
ae a es ee 
Svs rede Eee EHH EEUU RIE ata Lees taet deta oeeetaaeed fate 


0 50 100 150 
CASE TEMPERATURE (Tc)— °C 


POWER DISSIPATION (P7) —W 
fo) 


NORMALIZED GATE THRE 


50 100 
JUNCTION TEMPERATURE (Tj)— °C 
92CS- 34818 92CS- 34815 


Fig. 2 — Power dissipation vs. case temperature derating curve 


for all types. Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


Vps*!OV CASE TEMPERATURE 25°C 
PULSE TEST: 

35| PULSE DURATION = 60 nS 
DUTY CYCLE < 2% 


rs} 
oa 
88 
5a 
i 
ZO 
Peg 
xz 
oF 
on 
Nw 
am 
sz 
ZeO 
[oe] 
z 


ON- STATE DRAIN CURRENT [Ip(on)]—A 


JUNCTION TEMPERATURE (T))-°C GATE-TO- SOURCE VOLTAGE (Vgs)—V 
92CS- 36160 
92CS-36149 
Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 — Typical transfer characteristics for all types. 


perature for all types. 
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RFM18N08, RFM18N10, RFP18NO08, RFP18N10 


Vos — Volts 


Ig (REF) 
Ig (ACT) 


TIME — Microseconds 


Ig (REF) 
Oi ach 


92CS37645 


Ves — Volts 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


° 
nN 


DRAIN-TO-SOURCE ON RESISTANCE [r pg (on)]— OHMS 


0 10 20 


Vgst!0 V PULSE TEST 
PULSE DURATION = 80S 
DUTY CYCLE < 2% 


30 


" DRAIN CURRENT (Ip)—A 


92CS-36144 


Fig. 8 - Typical drain-to-source on resistance as a function of 


drain current for all types. 


ao 


6 


FORWARD TRANSCONDUCTANCE (gfs)— mho 


DRAIN CURRENT (Ip)-A 


92CS-36145 


Fig. 10 — Typical forward transconductance as a function of drain 


current for all types. 
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PULSE TEST 

PULSE DURATION =80 4S 

DUTY CYCLE < 2% 

CASE TEMPERATURE (Tc)#25% 


< 
i 
fo} 
= 
re 
=z 
ve) 
og 
cc 
> 
oO 
= 
a 
a 
a 


DRAIN-TO—SOURCE VOLTAGE (Vps)—V 
92CS-36146 


Fig. 7 — Typical saturation characteristics for all types. 
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DRAIN-TO- SOURCE VOLTAGE (Vps) —V 
92CS-36143R1 


Fig. 9 — Capacitance as a function of drain-to-source voltage for 


all types. 
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Vp 
TO SCOPE 


| 

] 

| DD = 
50 V 

| KELVIN 

CONTACT 

| 

| 

| 

| 


a a = 92CS-37362 


Fig. 11 — Switching Time Test Circuit 


it HARRIS 


RFEFP22N10 


N-Channel Enhancement-Mode 


August 1991 | Power Field-Effect Transistors (MegaFETs) 
Features Package 
TO-220AB 
e 22A, 100V TOP VIEW 


* DS(on) = 0.0802 
e UIS SOA Rating Curve (Single Pulse) 


e SOA is Power-Dissipation Limited 


DRAIN aaa ; 
e Nanosecond Switching Speeds (FLANGE) $$ SOURCE 
; — C—O DRAIN 
¢ Linear Transfer Characteristics | — Ss GATE 
¢ High Input Impedance 
© 175°C Operating Temperature 
Description Terminal Diagram 
The RFP22N10 n-channel power MOSFETs is manufactured using N-CHANNEL ENHANCEMENT MODE 
the MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum D be 
nee te . : : __t Lu 
utilization of silicon, resulting in outstanding performance. The i Ue 
RFP22N10 was designed for use in applications such as switching =z = 
regulators, switching converters, motor drivers, relay drivers, and = cc 
emitter switches for bipolar transistors. This transistor can be ? = 
operated directly from integrated circuits. G 2 
The RFP22N10 is supplied in the JEDEC TO-220AB plastic 
package. : 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP22N10 UNITS 
DrdiNn-SOUurce VONAGG ce cieweswcnede caus tne ceeds we see eae cede’ Voss 100 V 
Drain~Gate Voltage (RGS = IM) ..... cece cee cece eee eee eee VDGR 100 V 
Continuous Drain. Gurrents. 6 csv. ceew cas ce ted gaa ve erent ene caessaw Ip 22 A 
Pulsed Dial CUCM sexes nce'e ie Wid aera eine Seen lee ae cepa ees lomM 50 A 
Gate-Source Voltage ~:.:6.scavna cee t cds bee wee ewes deans ee tex Ves +20 V 
Maximum Power Dissipation 
TG 5G eres Me ae boleh ee oun eee Cee tei Gower Pp 100 W 
Derated AbOVe To 259G a. ec6euwdecn Ghene gues araes dae tsriwen ewes 0.67 W/9°C 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +175 OC 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 
CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 2385.1 


Copyright © Harris Corporation 1991 
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Specifications RFP22N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25°C unless otherwise specified: 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage.‘ BVoss lp=0.25 mA, Vas=0 V 


Paes 
Gate-Threshold Voltage Ves(th) Vas=Vps, Ip=0.25 mA A 
¢ Vps=80 V, Ves=0 V 1 
: | A 
Zero-Gate Voltage Drain Current loss Te=150°C 
Gate-Source Leakage Current less Ves=t20V,Vos=0V | — | 100 | nA | 
Static Drain-Source On Resistance ros(on) Ip=22 A, Vas=10 V | — | 0.080 


Turn-On Time t(on) Eee ieee: 
Turn-On Delay Time ta(on) Vpn=50 V, Ip=11A 13(typ.) | — | 


Ves (clamp): 10, -0.6 V [65 (typ) | — _| 
Ri=4.55 2 P18 (typ) | — 
(SeeFig.12) | — 

Threshold Gate Charge Q,(th) Ves=0 to 2V : ; 
lo=22 A, Vos=15 V 
Von=50V, Ip=11A, Ri=4.55Q 

L=0.2 WH, Ig1=lg2=0.6 A 
Ves (clamp): +10 V, -0.6 V 


Thermal Resistance, Junction to Case Résc Poe 


lar=lye"0.6 A 24 (typ.) |__| 


Turn-Off Energy Loss per Cycle Eott 


Thermal Resistance, Junction to Ambient Rgua 


CHARACTERISTIC. TEST CONDITIONS 


Diode Forward Voltage Vsp Isp=22 A 
Reverse Recovery Time tr lp=22 A, die/d:=100 A/us 
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ef S 
(iii se: | Tritiile 
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ee 4 ae 


CASE TEMPERATURE (TC)=25degC 100 
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ne 


DRAIN CURRENTIId)-A 


=) 
So 
=) 


DRAIN-TO-SOURCE VOLTAGE Wds}-V . 0.10 1.00 10. 
TIME IN AVALANCHE (tav) - MILLISECONDS 


Fig. 1 - Safe-operating-area curve. (Curves must be derated Fig. 2- Unclamped-inductive-switching safe-operating-areacurve. — 
linearly with increase in temperature.) (Single pulse UIS SOA). See Fig. 13 for test circuit. 
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RFP22N10 © 
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Fig. 3 - Maximum continuous drain current vs. temperature. Fig. 4 - Normalized power dissipation vs. temperature 
derating curve. 
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PULSE DURATION=250us Te=25degC — — 
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Fig. 5 - Typical saturation characteristics. Fig. 6 - Typical transfer characteristics. 
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Fig. 7 - Normalized rps(on) vs. junction temperature. Fig. 8 - Normalized gate threshold voltage. 
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RFP22N10 


CRSS CISS coss 


Vgs=0V FREQUENCY (fl=iMHz 
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c 5 
3 8 2000/4 
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ee oe ed ee = 1500 
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NO 2 4000 
ty oO. 
== 50 6 
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- ae 7 
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JUNCTION TEMPERATURE (T})-degC 0 
DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
Fig. 9 - Normalized drain source breakdown voltage vs. Fig. 10 - Typical capacitance vs. voltage. 
temperature. 
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SOURCE IQ(REFI= 1,0mA 
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VOLTAGE 


Vdd= Vdss 
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2] 0 
S $ 
Switching Waveforms 
Fig. 11 - Normalized switching waveforms for constant gate-current. Fig. 12 - Resistive switching. 


Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 13 - Unclamped-inductive-switching test. 
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ot HARRIS 


RFP2SNO5 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors (MegaFETs) 
Features Package 
TO-220AB 
meen 08 TOP VIEW 


* rDS(on) = 9.0472 

e UIS SOA Rating Curve (Single Pulse) 
e SOA is Power-Dissipation Limited 

* Nanosecond Switching Speeds pen lol a SOURCE 


¢ Linear Transfer Characteristics => ~GATE 
¢ High Input Impedance 


° 175°C Operating Temperature 


Description Terminal Diagram 


The RFP25NO5 n-channel power MOSFETs is manufactured using N-CHANNEL ENHANCEMENT MODE 
the MegaFET process. This process, which uses feature sizes 


approaching those of LSI integrated circuits, gives optimum D r 
utilization of silicon, resulting in outstanding performance. The i u- 
RFP25NO05 was designed for use in applications such as switching = oS 
regulators, switching converters, motor drivers, relay drivers, and = = 
emitter switches for bipolar transistors. This transistor can be ? = 
; ; dt = 
operated directly from integrated circuits. G S 
The RFP25NO5 is supplied in the JEDEC TO-220AB plastic 
package. 
Ss 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
RFP25N05 UNITS 

DFAIA=SOULCS WONG G Ce.ise. ass s6 5 5 hss ae a aie cnc’ a sep wialw gt Sw weer wip vi slater ene Voss 50 V 
Drain-Gate Voltage (RGS = IMD) 2... cece cee eect eee e ene eene VDGR 50 V 
Continuous Diain: Gument.i0c<0 Pao sede s hemes ietew ns nee eee Ip 25 A 
Pulsed Didin- CURT. wsiws cere ine ee Nee te eee eens ee chess ei eee IDM 65 A 
Gate~Source Voltage 2. ...s0.00daccevcecescestssvensscccestesees VGS +20 V 
Maximum Power Dissipation 

NOS 20°C 4 oes ea cect egies eeeeguds mia sesincore bees cuis we ae: Pp 72 Ww 

Derated: Above 16° = 209 vi vcciawadtigue i aaweons teeter weeny cee 0.48 W/9CG 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to+175 oC 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number o1 1 2.1 


Copyright © Harris Corporation 1991 
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Specifications RFP25N05 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| _ LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source BVpss Ip =0.25mA, Vas = OV V 
Breakdown Voltage 
Gate Threshold V@Sith) Ves= Vps V 
Ip = 0.25mA 


Voltage 
IpDss Vos =80V, Vas = OV 


Zero Gate Voltage 
Drain Current 


To =+1509C 
Gate-Source less Ves = +20V 
Leakage Current 
On Resistance Ip = 25A, Vag = 10V 


Turn-On Time tion) Vpp = 25V, Ip = 12.5A 


Turn-On Delay Time td(on) RE =2n 
Iqi =Iqg2=0.5A 


td(off) VGS(clamp) = +10V, -0.6V 


Rise Time 

Turn-Off Delay Time 
Fall Time 

Turn-Off Time 

Total Gate Charge 
Gate Charge at 10V 
Threshold Gate Charge 
Plateau Voltage 


a 
9 = 


ff) 


Qg(tot) Vas =0-20V 
Qg(10) Vas =0-10V 


Qg(th) Vas =0 - 2V 


Turn-Off Energy Vpp = 25V, Ip = 12.5A, Ig1 = 1G2 =0.5A 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L = 0.2y1H, 
Rp = 2 

Thermal Resistance 
JunctiontoCase 
Thermal Resistance Diode 
Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Isp =25A 
If = 25A, dlf/dt = 100A/us 


Forward Voltage 


VSD 
Reverse Recovery Time trr 


100 J TT 
ae = aaa 
= es ee as 
= Idn ren sl Hee 
Ee | =m 
wn ee 
a. Bae ia 
: A feat i TJ 26degC 
-~ 10.0 Satok a. Pa ij TJ= 150deg 
it a P 
7 ‘10 aay es Bal ~~ 5 
S n ia sae ed Is 
e Eels =e 
a ee aie 
oO 1.0 ae me 
z me ae 
QQ 
So If R=O i 
tave(L)(1ae)/(1.3 RATED BYdee-Vdd) 
If R#0 
0.1 | 
au 100 0.01 0.10 1.00 10.00 
DRAIN STO=SQURCE NOLPAGE (vee) i VOCUS -caaeais TIME IN AVALANCHE (tav) - MILLISECONDS — yreosyog 
FIGURE 1. SAFE-OPERATING-AREA CURVE (CURVES FIGURE 2. UNCLAMPED -INDUCTIVE-SWITCHING SOA 
MUST BE DERATED LINEARLY WITH INCREASE (SINGLE PULSE UIS SOA) 


IN CASE TEMPERATURE) 
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RFP25N0O5 : 


Performance Curves 


w 
Qa, 
= 
S 
= 
i 
fe 
pa } 
[ 
= 
poe 
oa 
[am | 
Yas) 50 75 100 125 150 175 
CASE TEMPERATURE (Te) - degC Toem06 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. 
TEMPERATURE 
pope 
, (oe ee ieee 
ey 
_ 
z 
Ww 
oq 
om 
=) 
O 
Z 
t 
r 
Q 
DRAIN -TO SOURCE VOLIAGE (Vds) V 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
3.0 PULSE DURATION=250us Vgs~10V Id=25A 
2.5 
c 
0 SS a ae a a ee 
o 
i @ } 
a 
2 1.6 
~m 
ar 
[a og 
= 1.0 
o 
= 
0.5 
0.0 
-60 {50 200 


50 100 
JUNCTION TEMPERATURE (Tj) - degl ROSZENUS 


FIGURE 7. NORMALIZED rps(on) VS. JUNCTION 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


60 75 100 125 160 175 
CASE TEMPERATURE (Tc) - degC een 


FIGURE 4. NORMALIZED POWER DISSIPTION VS. 
TEMPERATURE DERATING CURVE 


VOD=16V- 


70 Buteo Test 
Pulse Duration=250us 
Duty Cycle=.52 MAX 


N-CHANNEL 
POWER MOSFETs 


ON-STATE CURRENT CIdCon)] - A 
S 


0.0 2.5 5.0 7.5 10.0 
GATE-TO-SOURCE VOLTAGE (Vgs) - V VeSZ05 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


Vge-Vde Id=250uA 


NORMALIZED GATE THRESHOLD VOLTAGE 
[VgsC th) ] 
(en) 
3 


0.00 
-50 0 50 100 150 200 


JUNCTION TEMPERATURE (TJ) - degC — gnopng 
FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 
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RFP25N0O5 


Performance Curves (Continued) 


~  CRSS ‘CISS Coss 
2.0 Id=250uA 
wm 
ro 
we 
o> 
ae 
aie f. 
e oO Ss 
a é 
Se w 
Q 
a Fe] 1. = 
oO 
a = 
> & 
pas | 
= =0.5 
ro 
= ze , 
BS 
0.0 
-60 0 50 100 150 200 
JUNCTION TEMPERATURE (TJ) - deg — pypens SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 
FIGURE 9. NORMALIZED DRAIN-TO-SOURCE FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
BREAKDOWN VOLTAGE VS. TEMPERATURE ALL TYPES 


50.0 


37.5 


25.0 


Vps— VOLTS 
Vgs— VOLTS 


12.5 


oe Ig (REF) ‘ Ig (REF) 
IG(ACT) time—microseconps —'G(ACT) 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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92CS-42922 


FIGURE 12. RESISTIVE SWITCHING ~ 
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RFP25N0O5 


Performance Curves (Continued) 


Vps 


VARY tp TO OBTAIN 


REQUIRED PEAK I, aged 


Ves=10V] Ftp-| 


92CS-42659 92CS-42660 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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GG? HARRIS RFM25NO06 
RFP25NO06 


N-Channel Enhancement-Mode 


August 1991 _ Power Field-Effect Transistors 
_ Features Package 

° 25A, 50V and 6OV aii 

* 'DS(on) = 9.072 | DRAIN 

¢ SOA is Power-Dissipation Limited eles ~_/ (FLANGE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
¢ High Input Impedance 


e Majority Carrier Device 


TO-220AB 
Description TOP VIEW 
The RFM25NO6 and RFP25NO6 are n-channel enhancement- DRAIN — 
mode silicon-gate power field-effect transistors designed for (FLANGE) > SOURCE 
applications such as switching regulators, switching converters, <== LDIRAIN 
motor drivers, relay drivers and drivers for high-power bipolar L. GATE 


switching transistors requiring high speed and low gate-drive 
power. These types can be operated. directly from 
integrated circuits. 


The RFM-type is supplied in the JEDEC TO-204AA steel 
package and the RFP-type in the JEDEC TO-220AB plastic Terminal Diagram 


package. 
N-CHANNEL ENHANCEMENT MODE 


D 
G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFM25N06 RFP2S5NO6 UNITS 
DFain=SOurce VONAGE ic. sense canes anaes nheGesd emeuwa ete Voss 60 60 V 
Drain-Gate Voltage (RGS = 1MQQ) ...... cece ewe cere eens VDGR 60 60 Vv 
Continuous Drain Current....... 0... cece eee c cece eeceeenerees ID 25 25 A 
Pulsed Drain Gurren c: Sseniecaateweiwies dab eues eae ewaws IDM 60 60 A 
Gate=Source Voltage -s.acccestiateevacks ciued saeewniieens V6s +20 +20 V 
Maximum Power Dissipation 
NGS 1250: vesteas blatant ci eiseuniaci see icem eemaeea Pp 100 75 W 
Linear Derating Factor sv svceccsewerarteaui odes neteleeuaeuaesuls 0.8 0.6 W/9C 
Operating and Storage Temperature ............ceeceeee Ty, TSTG -55 to +150 -55 to +150 oC 


Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


File Number 1492.1 
Copyright © Harris Corporation 1991 
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Specifications RFM25N06, RFP25N06 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


LIMITS 


TEST RFM25N06 
CHARACTERISTICS SYMBOL CONDITIONS RFP25N06 


Drain-Source Breakdown Voltage | BVoss lb=1mMmA 
Ves =0 
Gate Threshold Voltage Vesin Ves = Vos V 
lbb=1mMmA 


Zero Gate Voltage Drain Current Vos = 40 V 
Vos = 50V 
LA 


Gate-Source Leakage Current Ves = +20 V ean ie ce 
Vos = 0 


Drain-Source On Voltage Voston) IDb=12.5A 
Ves = 10 V 


IDp=25A 
Ves = 10 V 


Static Drain-Source On Resistance pston@ Ip =12.5A 
Ves =10V 
i 


4 

1 
100 
2.5 
Forward Transconductance Vos = 10 V aa mho 
400 
225 
225 


Input Capacitance 


IDDb=12.5A 
Vos = 25 V 
Ves =OV 


2 
5 

a 

f=O1MHz | — | 


N-CHANNEL 
POWER MOSFETs 


" 
[RiseTimeSSC~—“—sSCSCSSSCaS | 
Thermal Resistance Junction-to-Case Rasc | RFM25No6 | — | 

| _RFP25NO6 | 


typ 


.) 


4Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


RFM25N06 
SYMBOL RFP25NO06 UNITS 


| MIN. =| MAX. 
Vo | w= eA | — | 14 | Vv 
tre 


: lr =4A 
Reverse Recovery Time pte di-/dt = 100 A/us 150(typ.) es 


*Pulse Test: Width = 300 us, duty cycle <= 2%. 


TEST 
CONDITIONS 


CHARACTERISTIC 
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RFM25NO6, RFP25NO6 


CASE TEMPERATURE (T,) = 25 °C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 


10 


DRAIN CURRENT (In) — A 


et ae a a Tr a 
Bawa BT TT 
ee are a 
[vase Han = 90 rewasnont AH tt tL 
RFP25NO6 Py PLY 
0.1 COC Pe iin 
4 4 4 


1 40 * 400 * 1000 
DRAIN-TO-SOURCE VOLTAGE (Vpg) — V 
92GS-44237 
Fig. 1 — Maximum operating areas for all types. 
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POWER DISSIPATION (Py) —W 
[Ves (th)] 


WW 
< 
5 
Oo 
> 
(=) 
_ 
oO 
x 
n 
ir) 
& 
x 
- 
ud 
= 
<q 
oO 
a 
vy 
N 
-! 
< 
= 
4 
°o 
= 


~50 0 50 100 150 200 
CASE TEMPERATURE (Tc)— °C JUNCTION TEMPERATURE (Ty) —°C 
92CS-34818 
92CS-37066 
Fig. 2 — Power dissipation vs. case temperature derating Fig. 3 — Typical normalized gate threshold voltage as a function 
curve for all types. of junction temperature for all types. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


f “3.~C«4 5 6 7 
JUNCTION TEMPERATURE (T,) — °C GATE-TO-SOURCE VOLTAGE (Vgs) —V 
92CS-37067 92CS-37068 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFM25N0O6, RFP25NO6 


GATE 
SOURCE 
VOLTAGE 


RL = 2.42 
Ig (REF) =1mA 


Vos — Volts 
Ves — Volts 


Ig (REF) Ig (REF) 
ig (Ach ig (ACT) 


TIME — Microseconds 


92CS-37635 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


Ves =+10 V PULSE TEST 


PULSE DURATION = 80 pS 
DUTY CYCLE <2% 


DRAIN -TO-SOURCE ON RESISTANCE 


ie) 4 8 12 \6 20 24 28 


DRAIN CURRENT(Ip)—A 
92CS- 37070 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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4 
a 
te) 2 4 6 8 10 12 14 16 18 20 


DRAIN CURRENT (Ip)—A 
92CS-37073 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


ULSE TEST 
ULSE DURATION #80 uS 
UTY CYCLE <2% 


Veg *+9V 


ORAIN CURRENT (Ip) —A 


i0) | 2 3 4 5 6 7 
DRAIN-TO-SOURCE VOLTAGE (Vps)— V 
92CS-37071 


Fig. 7 — Typical saturation characteristics for all types. 
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N-CHANNEL 
POWER MOSFETs 


10 20 30 40 50 60 
ORAIN-TO-SOURCE VOLTAGE (Vps)— V 
92CS-37072 
Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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KELVIN 
CONTACT 
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Fig. 11 — Switching Time Test Circuit 
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i HARRIS a RFH25N18 
RFH25N20 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features | Package 
° 25A, 180V and 200V | 
® rps(on) = 0.152 


TO-218AC 
TOP VIEW 


e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 
e High Input Impedance 
e Majority Carrier Device 


e High-Carrier, Low-Inductance Package 


Description | Terminal Diagram 

The RFH25N18 and RFH25N20 are n-channel enhancement- N-CHANNEL ENHANCEMENT MODE | 
mode silicon-gate power field-effect transistors designed for 

applications such as_ switching regulators, switching D 


converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


G 
The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 
| S 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
RFH25N18 RFH25N20 UNITS 

Drain-Source Voltage oi. sda cice asec eg weeds dese edad cet Vpss 180 200 V 
Drain-Gate Voltage (RGS = 1MQ) ..... cece cece eee e neces VDGR 180 200 V 
Continuous Drain Current. ...... ccc cce ccc cence cee eeeeceeence Ip 25 | 25 A 
Pulsed: Drain: Gurrent)..cc is cs sduce sed aewwe aveisee <a s satsn ee ued ol IDM 60 60 A 
Gate-Source Voltage ....ccccecccsccccccevcnsccsssasevvses VGs +20 +20 V 
Maximum Power Dissipation 

TG 4596 oni dees os bal eresetanth vactaeeaseteened rae Pp 150 150 Ww 
Linear Derating Factor cscsceuks acdsee de paesdeoreas seeceoee eben 1.2 1.2 W/°9C 
Operating and Storage Temperature ............ceeeeees Ty, TSTG -55 to +150 -55 to +150 1 @) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures. should be followed. 


File Number 1631.1 
Copyright © Harris Corporation 1991 
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Specifications RFH25N18, RFH25N20 


ELECTRICAL CHARACTERISTICS, at Case Temperature (T-) = 25°C unless otherwise specified. 


LIMITS 
UNITS 


CHARACTERISTIC 


SYMBOL 


Drain-Source Breakdown BVoss lo=1mMmA 180 o 4 

Gate Threshold Voltage Ves(th) Ves = Vos 2 

Zero Gate Voltage Drain Vos = 145 V 1 
ee 


Current 

Teo = 125°C 
Vos = 145 V 
Vos = 160 V 


Gate-Source Leakage Ves = +20 V 100 100 nA 
Current Vos = 0 


Drain-Source On Voltage 


Vos(on)4 IDb=12.5A 1.875 1.875 | 
Ves = 10V y 


7 
Ves = 10V a 
Static Drain-Source On 'os(on)@ IDp=12.5A ae ee Q o cr 


Forward Transconductance gts Vos = 10 V 7 7 mho 
Ipb=12.5A 


[=| sso [=| 300] 
[= [800 [= 200] 
= [400400 


Input Capacitance Ciss 


Output Capacitance 
Reverse Transfer Capacitance 


Turn-On Delay Time ta(on) 


Fall Time tr Ves=10V | 120(typ) 120(typ) 


Thermal Resistance R@3sc RFH25N18, 
Junction-to-Case RFH25N20 
Series 


4Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage Vsp * Isp = 12.5A ise He eee 
Reverse Recovery Time tir lp = 4A, dir/dt = 100 A/ys 300 (typ.) 


“ Pulse Test: Width < 300 ws, Duty cycle < 2%. 


300 (typ.) 
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RFH25N18, RFH25N20 


CASE TEMPERATURE (Te) = 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 


p_(MAX.) CONTINOUS 
EES eS Pe 


RAL LITE LN sti RONES SATE tT RN 5S 8) RS CSRS es 
SMRMULLELE CIN ristl RANEY Neel! ett BS ES Lt RS Reee eee test: 
$M NT NSLSE IATL NTH RSET ASE ST! BH BN Se MOSS CLES BET ae 
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RFH25N18 { 
RFH25N20 


DRAIN -TO-SOURCE VOLTAGE (Vos) — V 
92CS-38777 


Fig. 1 - Maximum safe operating areas for all types. 
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CASE TEMPERATURE (Tc)— °C JUNCTION TEMPERATURE (Ty) —°C 
92CS- 37138 92CS-37159 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. . 


Vps7!0V 
PULSE TEST 


PULSE DURATION=80 uS -- 
DUTY CYCLES 2% 


_ 
~ 
c 
° 
~ 
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(2) 
. 
— 


NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 
ON-STATE DRAIN CURRENT [Ip(on)]—A 


~50 0 50 too 150 200 
JUNCTION TEMPERATURE (Tj) —°C : GATE -TO- SOURCE VOLTAGE (Vgs) — V 
92CS-37160 92CS- 3716) 
Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFH25N18, RFH25N20 


- Volts 


Vos 
Vos — Volts 


Ig (REF) 
Ig ACT) 


Ig (REF) - 
Ig (ACT) 


TIME — Microseconds 92CS-37663 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


DRAIN TO SOURCE ON RESISTANCE 
[rpg(on)]|—onms 


ae Ht eneaa anen aa 
SSUES RRSSE ERAS RSSOSS SHAS SERS BARES SERRA esa 
Oy) 10 20 30 40 50 
DRAIN CURRENT (Ip)—A 
92CS- 37164 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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PULSE TEST 
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Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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PULSE TEST 
PULSE DURATION ® 60 
OUTY CYCLES 2% 


60 


DRAIN CURRENT (Ip)—A 


Vest t4 V 
ttt ttt 


0) 1 2 3 4 5 7 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS- 37163 


Fig. 7 - Typical saturation characteristics for all types. 


FREQUENCY (f) = 1 MHz 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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KELVIN 
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Fig. 11 - Switching Time Test Circuit. 


™ HARRIS - RFK25N18 
RFK25N20 


N-Channel Enhancement-Mode 


May 1992 Power Field-Effect Transistors 
Features | Package 
| TO-204AE 
e 25A, 180V and 200V TOP VIEW 
* rps(on) = 0.152. | 
© SOA is Power-Dissipation Limited SOURCE (FLANGE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The RFK25N18 and RFK25N20 are n-channel enhancement- | Terminal Diagram 
mode silicon-gate power field-effect transistors designed for 


applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed D 


and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. G 


Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified | 
RFK25N18 RFK25N20 UNITS 

DrainsSOurce VOUa ge 6 ccs se oe Cae seow at caw cstais we swan sls Voss 180 200 — V 
Drain-Gate Voltage (RGS = 1MD) ..... cece eee eee eee e wees VDGR 180 200 V 
Continuous Drain Current 

TOS 25°C wer eeettutieeee as bea ea eewaaa esas Ip 25 25 A 

Pulses DIaint Current cass accceieet Sake wide hie ieee we bieeas lDM 60 60 A 
Gate=Source Voltages iow sscwcradewnuesoeewnewse reese hes Ves +20 +20 V 
Maximum Power Dissipation 

NG SFA 9IG 5 stale eeu s aes bay deanien se cenoedees Manas ean’ Pp 150 150 W 
Linear Derating Factor.......cccccsccsccccccccccccesccercsccnce 1.2 1.2 W/°C 
Operating and Storage Temperature .......... cee eee eee Ty, TSTG -55 to +150 -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 500.2 
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Specifications RFK25N18, RFK25N20 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


LIMITS 


CHARACTERISTICS 


Ip=1 mA 
Ves=0 


Ip=1 mA 


Tc=125°C 
Vos=145 V = 
Vps=160 V 


Drain-Source On Voltage 


Static Drain-Source On Resistance 


a Lok 
"input Gapacianes [es ae a 
= eco [= [200] oF 
ee es 
raotyer| 80 —| aonye) | 20 — 


Turn-Off Delay Time Rgen=Rgs=50 
Fall Time Ves=10 V 


Thermal Resistance R8ic RFK25N18, 
Junction-to-Case RFK25N20 Series 


*Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


120(typ) 


| = | om | = | oe | scr 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTIC SYMBOL RFK25N18 | RFK25N20 {UNITS 


ay, eee ee a ee er ee ee 


Reverse Recovery Time diz rae A/us 300(typ) 300(typ) pons 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 
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Vps=145 V 1 
Vos=160 V ale 1 
UA | 


N-CHANNEL 
POWER MOSFETs 


RFK25N78, RFK25N20 


CASE TEMPERATURE (Tc) = 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 


Hist 
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PETTTTHE PITT P tt ETT est 
SISTEMA ITT 


SEE 


5NI8 
RFK25N20 4 


DRAIN -TO-SOURCE VOLTAGE (Vps) — V 
92CS-37157RI 


Fig. 1 — Maximum safe operating areas for all types. 


POWER DISSIPATION (P7)— W 
NORMALIZED GATE THRESHOLD VOLTAGE 
[Ves(th)] 


CASE TEMPERATURE (Tc)— °C JUNCTION TEMPERATURE (Ty) —°C 
92CS-37159 
92CS- 37158 
Fig. 2 — Power vs. temperature derating curve for all types. Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


Vos? lov 
PULSE TEST 


PULSE DURATION = 80 2S 
DUTY CYCLES 2% 


Ip*!2.5A 
Ves *+!0V H H 
a 


< 
_ 
c 
2 
(=) 
Ral 
be 
2 
uJ 
a 
4 
> 
) 
z 
< 
a 
uJ 
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- 
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NORMALIZEO DRAIN-TO-SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (Ty) —°C . GATE-TO- SOURCE VOLTAGE (Vgs) — V 
92CS-37160 92CS-37161 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFK25N18, RFK25N20 


Volts 


Vos 
Vos — Volts 


DRAIN SOURCE VOLTAGE 

i , sor + — 
Ig (REF) 
Ig (AcT) 


TIME — Microseconds 92¢S-37663 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


DRAIN TO SOURCE ON RESISTANCE 


DRAIN CURRENT (Ip)—A. 
92CS- 37164 


Fig. 8 — Typical drain-to-source on resistance as a function 


of drain current for all types. 


Vos s+10V 
PULSE TEST 
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DRAIN-TO-SOURCE CURRENT(Ip)—A 
92CS- 37166 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


PULSE TEST 


DRAIN CURRENT (Ip)—A 


o. | 2 °° «3 4 5 6 7 
ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS- 37163 


Fig. 7 — Typical saturation characteristics for all types. 
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N-CHANNEL 
POWER MOSFETs 


° lo 20 30 40 50 #460 70 
DRAIN-TO-SOURCE VOLTAGE (Vgs)—V 
92CS-37165 


- Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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TO SCOPE 
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Fig. 11 — Switching Time Test Circuit 
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up 


HARRIS 


August 1991 


Features 

© 30A, 120V and 150V 

® rps(on) = 0.0752 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 

e Majority Carrier Device 


e High-Carrier, Low-Inductance Package 


Description 


The RFH30N12 and RFH30N15 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


RFHSON12 
RFHSON15 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 


TO-218AC 
TOP VIEW 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


Drain-Source Voltage sss. ccc 'siasiniesiv'e ne kittaia wo dls ccelerwatvie waca ste Voss 
Drain-Gate Voltage (RGS = 1MQ) ... 2. eee ce ee eee ee wees VDGR 
Continuous Drain Current......... cece cece reer cence cneeees ID 
Pulsed Drain Current woes cccscc tice cae ee eeulewnee deaee a0 0b700s IDM 
Gate-Source Voltage ......ccscccsccccncccccccsssccccccees Vas 
Maximum Power Dissipation 

TG FeS CC ea ntatacae is nian caesatwseeseuntsy «ceases Po 
Linear DeratinG Factor sicoé o:0s ches ash ie Cee eee Sek ew Se 
Operating and Storage Temperature ..........cccceeeees Ty, TISTG 


CAUTION: These devices are sensitive to electrostatic discharge. Proper [.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 
G 
Ss 
RFH30N12 RFH30N15 UNITS 
120 150 V 
120 150 V 
30 30 A 
100 100 A 
+20 +20 V 
150 150 Ww 
1.2 1.2 W/°C 
-55 to +150 ~55 to +150 Te: 
File Number 1633.1 


Specifications RFH30N12, RFH30N15 
‘ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
TEST 


CHARACTERISTIC 


Drain-Source Breakdown BVoss 
a ee 
Gate Threshold Voltage Ves(th) = 2 4 2 4 V 


Zero Gate Voltage Drain Vos = 100 V =e 
Te = 125°C HA 
Vos = 100 V = 
Vos = 120 V 


Current 
Gate-Source Leakage = 100 100 nA 
Current =0 


On-State Gate Voltage 


V 
” 
= 
od 
Drain-Source On Voltage = A 
= © 
= = 
V o oc 
a. 
Static Drain-Source On ros(on)4 0.075 Q 
Resistance Ves =10V 
Forward Transconductance Vos = 10 V mho 
IDpb=15A 
Output Capacitance a ae 1200 | | 1200 pF 
Rise Time = 420(t a t ) 
ae wr 650 tyr | ea ns | 
Turn-Off Delay Time Rgen=Rgs=502 | 300(typ) we 300(typ) aa | 
Fall Time Ves=10V | 250(typ) | 375 | 250(typ) | 375 | 
Thermal Resistance RFH30N12, 
Junction-to-Case RFH30N15 .83 °C/W | 
- Series | 


€@Pulsed: Pulse duration = 300 ws max., duty cycle = 2%, 
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
200 (typ.) 200 (typ.) 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage Isp = 15A 
Reverse Recovery Time le = 4A, die/dt = 100 A/yus 


* Pulse Test: Width < 300 ws, Duty cycle < 2%. 
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RFH30N12, RFH30N15 


LINEARLY WITH INCREASE 
IN TEMPERATURE) 


CASE TEMPERATURE (Tc)= 25°C 
| (CURVES MUST BE DERATED 
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DRAIN- TO-SOURCE VOLTAGE (Vps) 
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-V 


92CS-38774RI 


Fig. 1 - Maximum safe operating areas for all types. 
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Bi igakedececceess 


JUNCTION TEMPERATURE (Ty)—°C 


CASE TEMPERATURE (Tc)— °C 


92CS-34359 


92CS- 37138 


Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 


sy 


Fig. 3 


Fig. 2 - Power vs. temperature derating curve for all types. 


<2% 


GATE 


10V 
PULSE TEST 


DUTY CYCLE 


Vos 


LIN3Yx8ND NIVYG 31V1LS NO 


° 


JUNCTION TEMPERATURE (Ty )- 


~ [tvo) SQ, = 
BONVLSIS3Y YO 3DYNOS -OL-NIVYO G3ZIIVWYON 


92CS - 36250 


92CS~ 36249 


Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4- Normalized drain-to-source on resistance to junction 


temperature for all types. 
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RFH30N12, RFH30N15 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260 
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ORAIN-TO- Con on RESISTANCE 


N-CHANNEL 
POWER MOSFETs 


0.0414 
s H 
H ana a H 
H SOGSRGSRGGGGans GesGcGaene SeGesneeen 
s t+ | aeeaee | FEES TEE SgHUeGGURGGuGGGauRnE 
a HE HEE EEE HEH Gans SOnGnaunnoauecueaue ie) 10 20 30 40 50 
ce) 20 40 60 80 100 DRAIN-TO-SOURCE VOLTAGE (Vpgs)-V 
DRAIN CURRENT (1 D)-A Seascceues 92CS- 36254 Ri 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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™ HARRIS - RFK30N12 
RFK3ON15 


N-Channel Enhancement-Mode 


August 1991 | Power Field-Effect Transistors 
Features Package 
TO-204AE 
¢ 30A, 120V and 150V TOP VIEW 


* rps(on) = 0.0752 | 
e SOA is Power-Dissipation Limited . SOURCE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The RFK30N12 and RFK30N15 are n-channel enhancement- | Termina/ Diagram 
mode silicon-gate power field-effect transistors designed for 


applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 
converters, motor drivers, relay drivers, and drivers for . 
high-power bipolar switching transistors requiring high speed D 


and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. G 


Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFK30N12 RFK30N15 UNITS 

Drain=Solirce VONAGE. ccsscir ee yee la sae kee abesesanaass Voss 120 150 V 
Drain-Gate Voltage (RGS = 1M) 0... ccc cece ee eee eee VDGR 120 150 V 
Continuous Drain Current 

NG E259 a dhvnwiiai ce isars me peus aesedb ag sera eget es ID 30 30 A 

Pulsed Drain Current. wu scis cesses ote keets eset ise eae IDM 100 100 A 
Gate=Source Voltages tss00 dcaenn vay aw ea Beate tenes VGs +20 _ £20 V 
Maximum Power Dissipatio 

To =+259C .......... CHa den nw sten Cea wet aomea eas Pp 120 120 W 
Linear Deratirig FactOfi. cians cee ceene dion sede ieee neta eae 1.2 1.2 W/°C 


Operating and Storage Temperature .............20000e- Ty, TSTG -55 to +150 -55 to +150 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


File Number 1455.1 
Copyright © Harris Corporation 1991 
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Specifications RFK30N12, RFK30N15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


LIMITS 
CHARACTERISTIC SYMBOL TEST <i BeMOONs2: 7) -RERSONIS = Gnirs 
CONDITIONS | MIN. | MAX. | MIN. | MAX. _ 


Drain-Source Breakdown Voltage oe | 
Gate Threshold Voltage Reali = 2 4 V 
ee 1mA 


Zero Gate Voltage Drain Current 


Vps=100 


Vos=120 V 


orn 
Drain-Source On Voltage Vos(on)® l=" 15A Pie i 1.125 al heel 
Vest 10V 
pacoaresenas—[ mer] S| — poor] — foo 
Ves=10 V 


Forward Transconductance Vos=10 V ee a 
cereus ee re a: 
Input InputCapacitance fr. eCi. l | — { 3000 | — | 3000 | = 2 
[=~ [1200 | — [1200] pF | |Z 
- =| -800 | =] 500 © & 
Voo=75V =2 
ee lb=15 A = 
[Hie FeweFan$0 0 i 
fFallTime Ves=10 V 


fate Resistance RFK30N12, 
Junction-to-Case RFK30N15 Series 0.83 °C/W 


8Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC SYMBOL | Gonprrions |__RFK30N12_ | RFK30N15__ | UNITS 
Diode Forward Voltage Isp=I5A | — | 14 | — | 14 tov | 


Reverse Recovery Time seis eo wi - 200(typ) 200(typ) Sons 


*Pulse Test: Width < 300 us, duty cycle < 2%. 
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RFK30N12, RFK30N15 
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Fig. 2 - Power vs. temperature derating curve for all types. 


92CS - 36250 


SOURCE VOLTAGE (Vgg)-V 


GATE -TO- 
Fig. 5 - Typical transfer characteristics for all types. 
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92CS- 36249 


Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 


RFK30N12, RFK3ON175 
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PULSE TEST 
PULSE DURATION = 80 us 
DUTY CYCLE < 2% 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
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Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 
drain current for all types. 
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|] HARRIS — RFH35NO08 
RFH3SN10 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features | 7 Package 
e 35A, 80V and 100V 
® rps(on) = 0.0552 


TO-218AC 
TOP VIEW 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance 
e Majority Carrier Device 


e High-Carrier, Low-Inductance Package 


Description | | Terminal Diagram 

The RFH35NO08 and RFH35N10 are n-channel enhancement- N-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistors designed for 

applications such as_ switching regulators, switching | D 


converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


G 
The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. . 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFH35N08 RFH35N10 UNITS 

Drain-Source Voltage §s 6c éseatscé eer ieveawe ewan aeosengass Voss 80 100 V 
Drain-Gate Voltage (RGS = 1MD) ...... cee eee ee cree eee eeeee VDGR 80 100 V 
Continuous Drain Current.......ccccsceasccccccvccecescccceues Ip 35 35 | A 
Pulsed Drain Current isboei-a veiidnien ese sccwldseecede new esis eeae IDM 100 100 A 
Gate-Source Voltage: os cs ics ses bce be Seo eo oe CNS Os awe Ves +20 +20 V 
Maximum Power Dissipation 

TG 2 59C susie, she ec cu newe Sarl ema t ea uateeae es Pp 150 150 WwW 
Linear Derating Factor....... ccc cccccccevcecccccsvccscccccevess 1.2 1.2 W/9C 
Operating and Storage Temperature ...........ec ee eeeee Ty, TSTG -55 to +150 -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 6 3 4.1 


Copyright © Harris Corporation 1991 
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Specifications RFH35N08, RFH35N170 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
TEST 
CHARACTERISTIC SYMBOL | CONDITIONS RFH35N08 | AFHOSNIO UNITS 


Drain-Source Breakdown BVpss lb=1mA 100 V 
Voltage Ves = 0 
Gate Threshold Voltage Vas(th) Ves = Vos 74 


Zero Gate Voltage Drain “i 


Gate-Source Leakage Ves = 20V 100 100 nA 
Current Vos = 0 
Drain-Source On Voltage Vos(on)a lID=17.5A a 0.963 ae 0.963 
Ves = 10 V | 
GS V 


Current 


ats 

ID=35A 3.0 3.0: ia u. 

Static Drain-Source On 'ps(on)a In=17.5A 0.055 0.055 Q of 
138 10 mho 


| 


Thermal Resistance R@c RFHS5N08, . 
Junction-to-Case RFH35N10 0.83 0.83 °C/W 
: Series 


8Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


Diode Forward Voltage Vso" Iso = 17.5A Seats 
Reverse Recovery Time tr le = 4A, die/d; = 100 A/us 200 (typ.) 200 (typ.) 


* Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


CHARACTERISTIC TEST CONDITIONS UNITS 
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RFH35N08, RFH35N170 
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junction temperature for all types. 


Fig. 3 


Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4- Normalized drain-to-source on resistance to junction 


temperature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 


Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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iG HARRIS 


August 1991 


Features 

e 35A, 80V and 100V 

® rps(on) = 0.0552) 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFK35N08 and RFK35N10 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


RFK35NO8 
RFK35N10 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-204AE 
TOP VIEW 


DRAIN 


SOURCE J (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain=Source VONage.. sive cineiweeeeeedes settee rietende des Vpss 
Drain-Gate Voltage (RGS = 1M2) ... 2. eee eee eee e eens VDGR 
Continuous Drain Current 

TGF 29°C sw dintuc avancsaientsawsee ube es cde tadewede tans ID 

Pulsed Drain: GUIFeMt ee te es Kise hee wdsSetdeaw ee dence ees IDM 
Gate-Source VONAGE oa. bcsiceiinstdocnatina eeenedsgna deat VGs 
Maximum Power Dissipation 

NOS 20°C weshad caster ewnees etek Sava cegases cams Pp 
Linear Derating Factor... ........ cc ccc cescesccecccecens ewb ase eee 
Operating and Storage Temperature .........-..eeeeeeee Ty, TSTG 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 
G 
S 
RFK35NO08 RFK35N10 UNITS 
80 100 V 
80 100 V 
35 35 A 
100 100 A 
+20 +20 V 
150 150 W 
1.2 1.2 W/°C 
-55 to +150 -55 to +150 ue 
File Number 1499.1 


Specifications RFK35N08, RFK35N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25°C unless otherwise specified. 


LIMITS 


TEST 
CONDITIONS 


Drain-Source Breakdown Voltage BVoss 
Vos=0 
Gate Threshold Voltage Ves(th) Ves=Vps 2 4 2 4 V 
Ilp>=1 MA 


Zero Gate Voltage Drain Current | = 1 


CHARACTERISTICS SYMBOL RFK35N08 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Static Drain-Source On Resistance fps(on)* pve 5A 0.055 0.055 
Vas=10 V 
Forward Transconductance Vps=10 V 
IbD=17.5A 


Input |Input Capacitance a= Os oo 
se = | soe pF 2 
| Reverse Transfer Capacitance | Crs =e rire 
es 23 
[1 SN BIST lb=17.5A | 225(typ) ns = 
Roen=Rys=50Q | 240(typ)| 450 240(typ)|_—450_| 7 
|FallTime ——CSsdXSJ Ves=10 V | 350 | 165(typ)|_ 350 | 2 


Thermal Resistance — RFK35N08, 
Junction-to-Case RFK35N10 Series 0.83 °C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
oa [RKGENTO 
CHARACTERISTIC SYMBOL CONDITIONS RFK35N08 UNITS 


MIN. | MAX. | MIN. | MAX. _ 


| Diode Forward Voltage | Vs ® | to t75A | [4 | = | oa Tv 


Reverse Recovery Time re ea Ve 200(typ) 200(typ) | ons | 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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RFK35NO08, RFK35N10 


Ht! CASE TEMPERATURE (Tc) = 25 °C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 
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80 V RFK35NO8 
pss (MAX) = 100 V RFK35N1 
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Fig. 1 — Maximum safe operating areas for all types. 
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POWER DISSIPATION (P7)—W 
NORMALIZED GATE THRESHOLD VOLTAGE 
[Yes (th)] 


CASE TEMPERATURE (To) °C ‘ JUNCTION TEMPERATURE (T))——°C 
92CS-37168 92CS~ 37169 
Fig. 2 — Power vs. temperature derating curve for all types. : Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (T;)—°C GATE- TO-SOURCE VOLTAGE (Vgs)—V 


92CS-37170 92CS- 37171 


Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 
temperature for all types. 
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RFK35N08, RFK35N170 


100 


Vos — Volts 
Ves — Volts 


Ig (REF) 
tg (ACT) 


TIME — Microseconds 
92CS-37647 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 7 — typical saturation characteristics tor all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 


RFG40N10 
RFP40N10 


N-Channel Enhancement-Mode 


i HARRIS 


August 1991 | Power Field-Effect Transistors (MegaFETs) 
Features | Package 
TO-220AB 
© 40A, 100V TOP VIEW 


* rDS(on) = 9.040 
e UIS SOA Rating Curve (Single Pulse) DRAIN rig 


EE ————— 

e SOA is Power-Dissipation Limited | GATE 
EE —— 

¢ Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance 


¢ +175°C Operating Temperature TO-247 
TOP VIEW 


Description 


The RFG40N10 and RFP40N10 n-channel ESD rated power 
MOSFET’s are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from Terminal Diagram 
integrated circuits. 

The RFP40N10 is supplied in the JEDEC TO-220AB plastic 
package and the RFG40N10 is supplied in the TO-247 plastic 


N-CHANNEL ENHANCEMENT MODE 


D 
package. 
G 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFG40N10 
RFP40N10 UNITS 
Drain=Source Voltage iaidscass4 dsher eilaawsueeeeeiweweeiacess Voss 100 V 
Drain-Gate Voltage (RGS = 1 M2)... cc ccc cece ee eee e eee ee ece VDGR 100 V 
Continuous Drain Currenticuecess2.5ibi4 sw tatenaeasenets casteweaws Ip 40 A 
PUISeC'DIAIN COMET sso as cieanc edits e oe ietiwiew ay ners oe gee anan tarda lDM 100 A 
Gale=SOUrCe VONAGE caja vesneuasoesssawiwsese ones sen eeu ens Ves +20 V 
Maximum Power Dissipation 
ier hl Cee ee eee eee eee rr ee ee ere ee Pp 160 WwW 
Derated Above +259G © cchces-coas bee ou dau 6 eA aa Renee 945k a es 1.07 W/9C 
Operating and Storage Junction Temperature Range......... Tyco: TSTG -55 to +175 oC 
Caution: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2431 1 


Copyright © Harris Corporation 1991 
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Specifications RFG40N10, RFP40N10 


ELECTRICAL CHARACTERISTICS Aft Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTICS TEST CONDITIONS | MIN. | 
Drain-Source Breakdown Voltage BVDSS ID = 0,25 mA, VGS =OV 


Gate Threshold Voltage VGS(th) VGS = VDS, ID =0.25mA 


. VDS = 80 V, VGS=0V 
Zero Gate Voltage Drain Current IDSS To = 150°C 


ea 
a 
[cate Seuateatage Curent ——~=*dSRS—~*ds Wes aovwossov | 
er 
emai 


0.040 


pa 

ee 
| 80 
| a7ttye) | - 
o(typ) | - | 
| 42ttye) | - 
20(typ) |  - | 
| 300 


ee 


100 
om 
ee ae 
Lr. 
| 094 
ea 


VDD = 50 V, ID = 20A 
Igi =Ig2=1.2A 

VGS (clamp): +10 V, -0.6 V 
RL =2.59 


VDD = 50 7 ID =20A,RL=2.59 
L=0.8 pH,Ig1 =Ig2=1.2A 
VGS (clamp): +10 V, -0.6 V 


VDD = 80 V 


Turn-Off Energy Loss per Cycle 


Thermal Resistance, Junction to Case REJC 


N-CHANNEL 
POWER MOSFETs 


Thermal Resistance, Junction to Ambient 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTICS TEST CONDITIONS 


Diode Forward Voltage VSD ISD = 40A ee coe 
Reverse Recovery Time trr ISD = 40 A, dISD/dt = 100 A/us aa ee 


100.0 es Cee Ee ee eee ft 100 BOR) Paes ES Ce Be Ee eee 
a a a TTT rr 
ee ‘ce oes os ata eco ot a wh 
Rea ROIS Sell =e (ee ee 
€ oetetre SLE cer be 
« a | Ys 9 rpg 
ook ea ECE Fal He 540 aL 
PG (00) ee ee ee ee eee eee ee loss oP 
3 es ees See Sa oe ss on ems Saas Sse es os sos os PN NT | 
oS RR RS SS Ss EE = 

es ee. «ee Re lim 
E ppt td : 10 ot ER et 
Be. ae ‘on ae meet ewer oes eTete act 
= ee ee ee a REN ee os ce Se 0 a So 
S 1.0 _————— ee EE a GR Ge 
oe | es ee ee el 
= PE d ratep avabetyads) =| | 1 tdi il ii 
=) anaes eee oe ae See es ieee Ga es RATED i 

i aie | oes Yt Heil 

0.1 1 
1 0.01 0.10 10.00 
DRAIN-TO-SOURCE Var Tae (Vds) - VOLTS TIME IN AVALANCHE Ctav) - NTE LSSeeaNG 
Figure 1 - Safe operating area curve. Figure 2 - Unclamped-inductive-switching safe-operating-area 
(Curves must be derated linearly with increase in temperature.) (single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id) - AMPS 


DRAIN CURRENT (Id) - AMPS 


NORMALIZED RdsCon) 


RFG40N10, RFP40N10 


2 60 75 100 126 150 
CASE TEMPERATURE (Tc) - degC 


Figure 3 - Maximum continuous drain current vs. temperature. 


2 
DRAIN-TO-SOURCE VOLTAGE CVdse) - VOLTS 


Figure 5 - Typical saturation characteristics. 


PULSE DURATION=250us V 


50 - {00 . 150 
JUNCTION TEMPERATURE (TJ) - degC 


Figure 7 - Normalized Rds(on) vs junction temperature. 


PULSE DURATION=250us Tc=25deg 


gs=10V Id=40A 


POWER DISSIPATION MULTIPLIER 


176 0 25 50 76 100 125 150 176 
CASE TEMPERATURE (Tc) - degl 


Figure 4 - Normalized power dissipation vs temperature derating curve. 


Cc Vde={5V 


ON-STATE DRAIN CURRENT CIdCon)] - AMPS 


GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


Figure 6 - Typical transfer characteristics. 
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Figure 8 - Normalized gate threshold voltage. 
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RFG40N10, RFP40N10 


=OV FREQ - 
Id=250uA 8000 Vgs EQUENCY ( f)=1MHz 


NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 


0.0 
-60 0 50 100 150 200 0 5 10 15 20 25 
JUNCTION TEMPERATURE (TJ) - degC DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 
Figure 9 - Normalized drain source breakdown voltage vs temperature. Figure 10 - Typical capacitance vs voltage. 
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Figure 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Figure 12 - Resistive switching. 
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RFG40N10, RFP40N10 


Vos BVpss 
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UIS Test Circuit UIS Waveforms 


Figure 13 - Unclamped-inductive-switching test. 
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™| HARRIS  RFH45N05 
RFH45N06 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-218AC 
e 45A, 50V and 60V TOP VIEW 


® rps(on) = 0.0402 
e SOA is Power-Dissipation Limited DRAIN 
¢ Nanosecond Switching Speeds Le, 


e Linear Transfer Characteristics 


e High Input Impedance 
e Majority Carrier Device 


e High-Current, Low-Inductance Package 


Descnipton: | Terminal Diagram 
The RFH45NO05 and RFH45N06 are n-channel N-CHANNEL ENHANCEMENT MODE 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, D Paka 
switching converters, motor drivers, relay drivers, and drivers ia u 
for high-power bipolar switching transistors requiring high = rn) 
speed and low gate-drive power. These types can be operated = = 
directly from integrated circuits. as ra = 
=z 
The RFH-types are supplied in the JEDEC TO-218AC plastic = 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
RFH45N05 RFH45N06 UNITS 

Drain-Source Voltage i: ccad vecde ta tineedieiwseeras sean nes Voss 50 60 V 
Drain-Gate Voltage (RGS = 1MQ) ..... eee eee cee eee VDGR 50 60 Vv 
Continuous Drain Current. .......ccce ce ccccccccccecveseeseees Ip 45 45 A 
Pulsed Drain Current ss cas sascceds c60e cc eae a dee eed oe wee ae IDM 100 100 A 
Gate-Source Voltage saci cs cc ewess cee see aes cases ewaieees Ves +20 +20 V 
Maximum Power Dissipation . 

NG SFOS CG ire is cea Gere eaase downs dw alae exe awutninsnae nes Pp 150 150 WwW 
Linear Deratitig Factor ciis~.54 cas va cece ede ce hadrian da satu anses 1.2 1.2 W/°C 
Operating and Storage Temperature .......... cece eee Ty, TSTG -55 to +150 -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 1 6 35.1 


Copyright © Harris Corporation 1991 
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Specifications RFH45N05, RFH45NO6 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


ee _ | LIMITS 
‘TEST 
CHARACTERISTIC SYMBOL | CONDITIONS | ome RFH45N06 UNITS 


Drain-Source Breakdown BVpss lDb=1mMA 
Voltage Ves = 
Zero Gate Voltage Drain Vos = 40 V 
Current Vos = 50 V — 1 
LA 


Tc = 125°C 
Vos = 40 V 


Gate-Source Leakage Ves=+20V 100 100 nA 
Current Vos = 
Drain-Source On Voltage ema. Ip=22.5A 
Ves = 10 V y 
Static Drain-Source On rps(on)@ Ip=22.5A Q 
Resistance Ves = 10 V 
Forward Transconductance Vos = 10 V mho 
ln =22.5A 
pF 


| Input Capacitance si Capacitance Gas 


ces ca 
ae Se 


fall Time Resistance ~ — | RFH45N05, , 
Junction-to-Case RFH45N06 0.83 0.83 °C/W 
Series 


4Pulsed: Pulse duration = 300 ys max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage Vsp* Isp = 22.5A 


Reverse Recovery Time tr lp = 4A, dir/d: = 100 A/pus 150 (typ.) 150 (typ.) 


* Pulse Test: Width <= 300 us, Duty cycle < 2%. 
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RFH45N05, RFH45N06 


Rest ss aie CASE TEMPERATURE(Tc )= 25°C 
BEd (CURVES MUST BE DERATED 
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Fig. 1 - Maximum safe operating areas for all types. 
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CASE TEMPERATURE (Tc)— °C JUNCTION TEMPERATURE (Tj) —°C 
92CS- 37138 
92CS-37144 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (Ty) —°C GATE-TO-SOURCE VOLTAGE (Vgs)— Vv 
92CS- 37139 92CS-37140 
Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 


4-717 


Vos — Volts 
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RFH45N05, RFH45N06 
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Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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PULSE TEST 
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OUTY CYCLE <2% 
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DRAIN CURRENT (Ip)—A 


92CS- 37143 


Typical drain-to-sourcé on resistance as a function of 
drain current for all types. 
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- Typical forward transconductance as a function of drain 
current for all types. 
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PULSE TEST 
PULSE DURATION = 80 1:S 
OUTY CYCL 2% 


DRAIN CURRENT (Ip)— 


DRAIN-TO-SOURCE VOLTAGE (Vps5) — V 
92CS-37142 


| Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 


all types. 
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Fig. 11 - Switching Time Test Circuit. 
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Features 

° 45A, 50V and 60V 

* rps(on) = 0.0400 

¢ SOA is Power-Dissipation Limited 
e¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Descrintion 


The RFK45N0O5 and RFK45N06 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. | 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


RFK45N05 
RFK45N06 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-204AE 


DRAIN 


SOURCE J (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


Drain-Source VOWlage i. ic is ceewe eee is ceeds eee eeeeeeeesa Voss 
Drain-Gate Voltage (RGS = 1M2Q) ..... cc cece cere cence ees VDGR 
Continuous Drain Current 

NG SFOS odes cdee setuee see sk eenn ae a en ID 

Pulsed Drain: Current iiss occas case San atu swettawe swuetennee IDM 
Gate-Source VONAGE 626 ese erse Gia tesie sue ese asseien netic Vas 
Maximum Power Dissipation 

VES FeSO G a aticien hada wes soma uetgesvnkeeeueee. Pp 
Linear Derating Factor... ccces ics isd sv ei sen ews sve cedeaeeeew ee 
Operating and Storage Temperature ..........cecceceecs Ty, TSTG 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 
G 
Ss 
RFK45N05 RFK45N06 UNITS 
50 60 V 
50 60 V 
45 45 A 
4100 100 A 
+20 +20 V 
150 150 W 
1.2 1.2 W/9G 
~55 to +150 -55 to +150 OC 
File Number 1498.1 


N-CHANNEL 
POWER MOSFETs 


Specifications RFK45N05, RFK45N0O6 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


LIMITS 


UNITS 
| MIN. | MAX. _| 


TEST 
CHARACTERISTICS SYMBOL CONDITIONS 


Drain-Source Breakdown Voltage 
Gate Threshold Voltage Ves(th) 


Zero Gate Voltage Drain Current 


lp>=1 MA 
Ves=0 


Ves=Vps 2 4 2 V 
lp=1 MA 

Vos=40 V 
Vps=50 V 


Tc=125°c 
Vos=40 V 
Vps=50 V 
Vos=0 
Vps(on)* Ip=22.5 A 
Ves=10 V y, 


Static Drain-Source On Resistance 'ps(on)* Ip=22.5A Q 
Ves=10 V 


Input Capacitance Ciss | 
Output Capacitance | — | 1800 | — | 1800 | pF 


Drain-Source On Voltage 


Gate-Source Leakage Current oe 


Reverse Transfer Capacitance Crss | — | 70 | — | 750 | 
Turn-On Delay Time | ta(on) Vop = 30 V 40(typ) | 80 | 40(typ) | 80 | 


|RiseTime  ———“‘iLSCtt |S t= 22.5A | 3100(typ) 310(typ) 
Turn-Off Delay Time ta(off) Rgen=Rgs=50 2 | 220(typ) 220(typ) 
Fall Time pth | Vcs=10.V 240(typ) 240(typ) 


Thermal Resistance RFK45N05, 
Junction-to-Case RFK45N06 Series 0.83 0.83 °C/W 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


} wear _ LIMITS _ 
| RFK45N0O5_— | SO RFK4SNO6_ 
CHARACTERISTIC SYMBOL | GonpiTIONS UNITS 


Reverse Recovery Time tr lp =4A 150(typ.) 150(typ.) ns 
dir/dt = 100A/yus . 


*Pulse Test: Width < 300 ws, Duty Cycle < 2%. 
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RFK45N05, RFK45NO6 
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CASE TEMPERATURE(Tc )= 25°C 
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Fig. 1 — Maximum safe operating areas for all types. 
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Fig. 3 — Typical normalized gate threshold voltage as a function 


Fig. 2 — Power vs. temperature derating curve for all types. of junction temperature for all types. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


ar, 
LAD 
~ON 
BRBEr As 
TAA 
e2=2-288 


JUNCTION TEMPERATURE (Ty) —°C GATE-TO-SOURCE VOLTAGE (Vgs) —V 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFK45N05, RFK45N06 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 anc’ 4N-7260 
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DRAIN CURRENT (Ip)—A 
92CS- 37143 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE DURATION =80 4S 
DUTY CYCLE <2% 


DRAIN CURRENT (Ip)—A 


.¢) I 2 3 4 5 6 7 
DRAIN -TO-SOURCE VOLTAGE (Vos) — V 
92CS- 37142 


Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 - Switching Time Test Circuit. 


RFP50NO5 
RFG5SONO5 


N-Channel Enhancement-Mode 


i] HARRIS 


May 1992 Power Field-Effect Transistors (MegaFETs) 
Features Package 
TO-220AB 
e 50A, 50V TOP VIEW 


e 'DS(on) = 0.0220 


e UIS SOA Rating Curve (Single Pulse) DRAIN Slo] | = SOURCE 


(FLANGE) 
e SOA is Power-Dissipation Limited Caen Oe) 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


e +175°C Operating Temperature TO-247 
TOP VIEW 


Description 


The RFPSONO5 and RFG5ONO5 n-channel power MOSFET’s are 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. 


The RFPSONOS is supplied in the JEDEC TO-220AB plastic 
package and the RFGSONOS is supplied in the TO-247 plastic Terminal Diagram 
package. 


N-CHANNEL 
POWER MOSFETs 


N-CHANNEL ENHANCEMENT MODE 


D 
G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified ’ 
RFPSONOS5 
RFG5ONOS5 UNITS 
Diain=SOurce Voltages. < co sisiansatonidwaveisaee unas seaceetes Voss 50 Vv 
Drain-Gate Voltage (RGS = 1 MD)... eee ec e eee e cece eens VDGR 50 V 
Continuous Drain Current........... Sade Roa ree) waaeeasaaw nis ID 50 A 
Pulsed Drain: Curent ca sie aee caeeadee ea dances pears earns IDM 120 A 
Gate—Source Voltage: :is2csied atwcsdeweaee ene nee eawwoes whee Vas +20 V 
Maximum Power Dissipation 
EG SOS G as riewe Bie ew deawhsette es areas eke enue nas Pp 132 WwW 
Derated ABOVE 4259 casas ts eaieed eale eat edunde weet enw tes 0.88 W/°C 
Operating and Storage Junction Temperature Range......... Tyc, TSTG ~55 to +175 OC 
Single-Pulse Avalanche RatingS........ccccccccccccnsccvcccncscesees Refer to UIS SOA Curve 
Caution: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number °287 3.1 
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Specifications RFP50NO5 RFG5ON05 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTICS ‘SYMBOL TEST CONDITIONS a UNITS 
Drain-Source BVpss Ip =0.25mA, Ves = OV V 
Breakdown Voltage 
Gate Threshold VGSith) Vas=Vps V 
Voltage Ip =0.25mA 


Drain Current 


Leakage Current 
fonResistance =< wmston)_|ip=S0AVGs=10v «T= «LC ~SCif ee | 


Turn-Off Energy otf Vpp = 25V, Ip = 25A, IG1 =IG2 = 1.5A 150 pJ 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L = 0.2uH, 
Rp = 1.029 
Thermal Resistance Diode RoJA OC/W 
Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


1000 i oT OTT 
See NT Gt Gt lB 2 NR Ce Wl CASE TEMPERATURE (Tc)-25degC 
ee ee a ee ES Ge Ss 100.0 = 
a ee a 
eae ee ee ee F 
ea AE ele op aaj 2 ; 
eee eee eS Ei é i 
alii , oe 
| eee : fae eels 
{00 SE NE es SS GS NS OS OS 
g Ae CE tar G6 Se ST SB e = 
(=) ed Ee SS Se 2 
a et LN ed ARTING TJ= 26dag¢ = anal 
eee ARTING TJ= 160dagC 3 10 mmmeee 
oe ee pS z —— 
zc 
NTE NTT E fence ee 
z SCS) REE 
i tave(L/R) Int (IaexXR)/(1.3 RATED BVdee-Vdd)+t] PL NA a ld le ok 
0.0! 0.10 1.00 10.00 | 10 100 
TIME IN AVALANCHE (tav) - MILLISECONDS = yregonog DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS gi 
FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
(SINGLE PULSE UIS SOA) MUST BE DERATED LINEARLY WITH INCREASE 


IN CASE TEMPERATURE) 
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RFP50NO05 RFG5ONO05 


Performance Curves 
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RFP50NO5 RFG5ONO05 


Performance Curves (Continued) 


CRSS CISS Coss 


Vgs=0V FREQUENCY (f=iMHz 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 
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JUNCTION TEMPERATURE (Tj) - degC 


SOURCE-TO-DRAIN VOLTAGE (Vsd)-V- 


CAPGEPSONOSCF3 


FIGURE 9. NORMALIZED DRAIN-TO-SOURCE FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
BREAKDOWN VOLTAGE VS. TEMPERATURE ALL TYPES 


SURCE Iq(REF) = 1.5 mA 
VOLTAGE \ Yas =10V 
Vpp = Voss 
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fi 


Vps — VOLTS 
Vgg — VOLTS 


Ig (REF) Ig (REF) 


Ig (ACT) Ig (ACT) 
TIME - MICROSECONDS sseeeliean 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN~7254 AND AN-7260) 
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FIGURE 12. RESISTIVE SWITCHING 
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RFP50N05 


Performance Curves (Continued) 
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FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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MHARRIS RFG75NO5E 
REFH75NO5E 


N-Channel Enhancement-Mode 


May 1992 Power Field-Effect Transistors (MegaFETs) 
Features Package 
TO-218 
e 75A, 50V TOP VIEW 


* DS(on) = 0.0102 
e Electrostatic Discharge Rated 
e UIS SOA Rating Curve (Single Pulse) 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance TO-247 
¢ +175°C Operating Temperature TOP VIEW 
¢ Temperature Compensated SPICE Model Provided 

DRAIN fT \ 7 

— (TAB) > SOURCE 

Description Ly ——$———— pRAin 
The RFG75NO5E and RFH75NO5E n-channel ESD rated power — GATE 
MOSFET’s are manufactured using the MegaFET process. This ae, 


process, which uses feature sizes approaching those of LSI! 

integrated circuits, gives optimum utilization of silicon, resulting in 

outstanding performance. They were designed for use in Terminal Diagram 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from 
integrated circuits. D 


The RFG75NOS5E is supplied in the TO-247 style (3 lead) plastic 


package and the RFH75NO5E is supplied in the TO-218 (3 lead) 
plastic package. 


N-CHANNEL ENHANCEMENT MODE 


G 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFG75NO5E 
RFH75NO5E UNITS 
Didin= Source Voitage: in. isicseews tc Rereaa tesa be eceenivesen ss Vpss 50 Vv 
Drain-Gate Voltage (RGS = 1 MD)... ... cc eee eee eee cere eens VDGR 50 V 
Continuous Drain Current i600. ccseciesies st gacwcu sd iisedeeuarasw es Ip 75* A 
Pulsed Drain Gurren Gis s-iec w'ns. oo Feiele eee ses Reig eee a ek RWG Re ahs IDM 200 A 
Gate-Source Voltage ............ Da spicy dadciee en etae aaa Ves +20 V 
Maximum Power Dissipation 
TOS AZOCG 6h iikccstseus se iateidiaeereaks MOSM TREE Pp 240 W 
Derated Above’ +25°9C <:).c. a vnew ew ee aueue ensues ceekeaeotace es 1.6 W/°C 
Operating and Storage Junction Temperature Range......... Tyco, TstG -55 to +175 °C 
Electrostatic Discharge Rating 
MIL-STD-883, Category B(2) ...... cc cece ete cece sree eeeees Esp 2 . kV 
Single-Pulse Avalanche Rating ~ Refer to UIS SOA Curves 
*Ip Current Limited by Package 
‘Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number , 997 5.2 
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Specifications RFG75NO5E RFH75NO5E 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS 
Drain-Source BVpss Ip =0.25mA, Ves = OV 
Breakdown Voltage 
C 


Gate Threshold VGSith) Veas=Vps 
Voltage Ip =0.25mA 
Zero Gate Voltage Ipss Vps =40V, Vas = OV 
Drain Current 
To =+150°9C 
Gate-Source lass Vas = £20V 
Leakage Current 
rosion) | Ip =75A, Vas = 10V 
Vpp = 25V, Ip = 97.54 
Turn-On Delay Time td(on) RL =0.670 
Turn-Off Delay Time td(off) VGS(clamp) = +10V, -0.6V 
Turn-Off Time 
Total Gate Charge Qg(tot) Vas =0, 20V 
Gate Charge at 10V Qg(10) Vas =0, 10V 


Threshold Gate Charge Qgith) | Vas =0, 2V p = | 
Plateau Voltage V (plateau) Ip = 75A, Vps = 15V Re 


aehL EEL fa 


8 
ol 


Turn-Off Energy Vop = 25V, Ip = 37.5A, Iq1 =IG2 =3A 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L = 0.2uH, 


Rp =0.679 
Thermal Resistance ReJc 
Junction to Case 
Thermal Resistance Diode RoJA OC/W 
Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS 


Forward Voltage 
Reverse Recovery Time ter lf = 75A, dlf/dt = 100A/us 


4 Soe eI 
gE SRS Da Del (ec en Sa) vee Ce) ee a 
i ai eens 
Gee a a ee en 
SE a = See ty eek ;——+—t titi 
tarting TJ = 26degC a ne ie eS 
: i eo TT 
= ww 
‘ a 10 p—__}___ ft ft 
a ee ee ee Se fe 
3 Set 2 
m 0 ee ~ Pe ee ee ee ed 
be Oa = [ace AE ee a 0 ee ee 
CS am aay, enna (ey OSE (Fak FF ne ea (aba Ba 
ine a ea a a a 
ss 
MAX=SOV REEL 
1 & 
0.01 0.10 1.00 10,00 I 10 100 
TIME IN AVALANCHE Ctav) - MILLISECONDS DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS = gyoeys 
FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
(SINGLE PULSE UIS SOA) . MUST BE DERATED LINEARLY WITH INCREASE 


IN CASE TEMPERATURE) 
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NORMALIZED ORAIN-TO-SOURCE 


Id=250uA 


2.0 6000 
wn 
| od 
_! 
oO 
> 
"16 a 
© " 4000 
wD on 
> oO 
= ~ 
wf.0 wy 
Ts) =z 
red « 
- - 
| — 
= 2 2000 

a, 

0.5 o 
oO 
re} 
74 
ta 
fox 
res} 

0.0 0 

-0 0 50 100 150 200 0 5 10 15 20 ras) 
JUNCTION TEMPERATURE (TJ) - degl DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 
FIGURE 9. NORMALIZED DRAIN-TO-SOURCE FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
BREAKDOWN VOLTAGE VS. TEMPERATURE ALL TYPES 


Neey 4 SOURCE 


VOLTAGE 


RL=0.6867 ohms 
IgCREF)=#3.44mA 
Vgs~{10V 

e : 


N-CHANNEL 
POWER MOSFETs 


Vde - V 
Vgs - V 


7] 
es TD Ee ame Vs AS 


+P = 
nf 0.75Vdee 0.75Vdse+) 
eee 0. 75Vdoa 17 
0.25Vdss 0.26Vdss 
ism DRAIN SOURCE VOLTAGE BP Si 


o Jg(REF) 7 TgCREFF) 
0 TgcAcT) Time - us ° TgcAcT) 


== 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 


Spice Model 


SUBCKTRFH75NO5 2 1 3 
*Nominal Temperature = 25°C 
CchargeA 12 8 8.98e-9 
CchargeB: 15 14 8.81e-9 
Cin 6 8 4.48e-9 
Depletion_cap 10 5 DPLCAPMOD 
Dbody 7 5 DBODYMOD 

Dbreak 5 11 DBREAKMOD 

Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Ebreak 11 7 17 18 58.4 

Evto 20 6 18 8 1 

Ipos 8 17 1 

Ldrain 2 5 e-10 

Lgate 1 9 5e-9 

Lsource 3 7 3e-9 

Mos 16 6 8 8 MOSMOD 

Rbreak 17 18 RBREAKMOD 1 

Rdrain 5 16 RSOURCEMOD  3.07e-3 
Rgate 9 20 1.2 

Rin 6 8 1e9 

Rsource 8 7 RSOURCEMOD  2.e-3 
Rvto 18 19 RVTONEGMOD 1 

Sia 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

MODEL S1AMOD VSWITCH (RON=1e-5 
MODEL S1BMOD VSWITCH (RON=1e-5 
MODEL S2AMOD VSWITCH (RON=1e-5 
MODEL S2BMOD VSWITCH (RON=1e-5 
MODEL 
MODEL 


Vos » 


> rev 10/30/90 — 


GATE 


@ 
1™ Lgate ® 


ROFF=0.1 
ROFF=0.1 
ROFF=0.1 
ROFF=0.1 


RFH75NO5E 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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Evto + 16 


ae) 
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a | Rsource 


Siad 4, S2a 
: |) Of 
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13 
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Egs($) Eds @ 


| Rgate 


Lsource 5 
) 
uf SOURCE 


Rbreak 


18 


Rvto 


(#) lpos 


= Vbat 


VON=-2.48 VOFF=-0.48) 
VON=-0.48 VOFF=-2.48) 
VON=-2.25 VOFF=2.75) 
VON=2.75 VOFF=-2.25) 


DBODYMOD D (IS=2.23e-12 RS=249e-3 TRS1=2.5e-3 CJO=7.55e-9 TT=4e-8) 


DBREAKMOD D (RS=8e-2 TRS1=2.5e-3) 
DPLCAPMOD D (IS=1e-30 N=10 CJO=2.14e-9) 
RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 
RSOURCEMOD RES (TC1=5.2e-3 TC2-1.37e-5) 
RVTONEGMOD RES (TC1=-3.78e-3 TC2=-7.51e-7) 


MODEL 
MODEL 
MODEL 
MODEL 
MODEL 
ENDS 
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@MHaRRIS RFA1OONOSE 


N-Channel Enhancement-Mode 


May 1992 Power Field-Effect Transistor (MegaFET) 
Features Package 
MO-093 
° 100A, 50V TOP VIEW 
° = 0.01029 
"DS{on) DRAIN 
e Electrostatic Discharge Rated | 


=NOACI 


e UIS SOA Rating Curve (Single Pulse) 


¢ SOA is Power-Dissipation Limited 


pe TERMINAL CONNECTIONS 
e Nanosecond Switching Speeds 


1 - Gate 
e Linear Transfer Characteristics SS euce en) 

3 - Drain Kelvin 
¢ High Input Impedance a = Source Current 

5 - Source Current 
e +175°C Operating Temperature 
¢ Temperature Compensated SPICE Model Provided Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
Description es 
D Dx — 
The RFA1OONO5E n-channel ESD rated power MOSFET is ia rs 
manufactured using the MegaFET process. This process, which = =] 
uses feature sizes approaching those of LSI integrated circuits, = = 
gives optimum utilization of silicon, resulting in outstanding ° = 
performance. They were designed for use in applications such as =s 
switching regulators, switching converters, motor drivers, relay = 
drivers and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. SS Sx 
The RFA1OONO5E is supplied in the MO-093 plastic 
ackage. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


RFA100NO5E UNITS 

Drain-Source VoOlage 34.02 hanyo sees Sars cckwe stab ieee eesnsees Voss 50 V 
Drain-Gate Voltage (RGS =1 MD)... cc cece cece eee e cece cence ees VoGR 50 V 
Continuous Drain: Currents as sc c005 50 veiw ecw ee vaaeww we eeee de seanens Ip 100 A 
PUISEd Drain Cunment:. sic cccwekessletigait ee wien tate 5 teens een ais IDM 300 A 
Gate-Source VOlage iis) cea tdensaduaeutenss eavadeete enews Vas +20 V 
Maximum Power Dissipation 

VOSS 99G arias wan sauce crgl sees eden veel ekrew eb eraaeun Pp 240 W 

Derated Above: 2596 7 e.csede eto kaw adavawtacn ee Udaer ee iweb eee ewes 1.6 W/°C 
Operating and Storage Junction Temperature Range......... Tuc, TSTG -55 to +175 Te; 
Electrostatic Discharge Rating ; 

MIL-STD-883, Category B(2) 2... . cece cece cnet eee c ne ceenes Esp © 2 kV 
Single-Pulse Avalanche Rating Refer to UIS SOA Curves 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2869.1 


Copyright © Harris Corporation 1992 
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Specifications RFATOONOS5E 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 
Drain-Source BVpss Ip =0.25mA, Vq@g=OV | V 
Breakdown Voltage 
Gate Threshold VGSith) Ves=Vps V 
Voltage : Ip = 0.25mA 
Zero Gate Voltage | Vps =40V, Vas = OV 1 
Drain C t 
rain Curren To =41500C 


Ca Re 
ee ee 
es ee 
I Bae a 

| ns 


Gate-Source 

Leakage Current 

On Resistance rps(on) ID = 100A, Vas = 10V 
Yon) 


td(on) 


Turn-On Time Vpp = 25V, Ip = 50A 


RL =0.509 


Turn-On Delay Time 
Rise Time | 


Ig1 =IG2=3A 


Turn-Off Delay Time 
Fall Time 
Turn-Off Time 


VGSiclamp) = +10V, -0.6V 


Total Gate Charge Qg(tot) Vas = 0, 20V_ Vpp = 40V 
Gate Charge at 10V Qgii0) © |Vas=0,10V Ip = 100A 
E oft 


ae ee 
acai en 
, ae ioe 
Threshold Gate Charge Qg(th) RL =0.400 fF - [= | 
Plateau Voltage Viplateau) | Ip = 100A, Vpg = 15V fe Ee eB eo 


Turn-Off Energy 
Loss per Cycle 


Vpop = 25V, Ip = 50A, IG1 =!IG2 = 3A 
VGS(clamp) = +1 OV, -0.6V, L= 0.2uH, 
Ry = 0.509, 


Thermal Resistance 
Junction to Case 


Thermal Resistance Diode 
Junction to Ambient 


CHARACTERISTICS SYMBOLS 


Forward Voltage 


VspD 
ter 


Reverse Recovery Time 


Tas - AMPS 


oS a 
ba V0] a z 
a Starting TJ = 25degC 7 
TINO Starting Tj = 150deg Acs 
ee A © Ge See ee ee a 
hs : p=] 
ft aa he SE a 
Hut a = 
-Vdd) a 
0.0! 0.10 1.00 10.00 
TIME IN AVALANCHE (tav) - MILLISECONDS DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 
FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
(SINGLE PULSE UIS SOA) MUST BE DERATED LINEARLY WITH INCREASE 


IN CASE TEMPERATURE) 
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RFATOONOS5E 


Performance Curves 


DRAIN CURRENT (Id) - AHPS 
POWER DISSIPATION MULTIPLIER 


75 100 { a 25 50 76 100 125 160 176 
CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (To) - degC 
FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT VS. FIGURE 4. NORMALIZED POWER DISSIPTION VS. 
TEMPERATURE TEMPERATURE DERATING CURVE 


Vdd >> Id x Rdson 


N-CHANNEL 
POWER MOSFETs 


DRAIN CURRENT (Id) - AMPS 


ON-STATE ORAIN CURRENT {IdCon))] - AMPS 


0 
0.0 1.5 3.0 4.5 6.0 7.5 


. : . A 2 4 Ls) 8 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
3.0 Vgs-10V Id=!00A 


Vge=Vde_ Id=250uA 
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FIGURE 7. NORMALIZED 'DS(on) VS. JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 
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Performance Curves (Continued) 
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NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 
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FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 


CAPACITANCE (C) - pf 


200 0 5 10 15 20 2 


DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 
FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 


tnt? Pee 


BREAKDOWN VOLTAGE VS. TEMPERATURE ALL TYPES 


RL=0.6 ohme 
Ig(REF)=3.44mA 
Vge=10V 


fo Ns 
see TN 


| Uo. 75Vdses 0. 75Vdeo+ 
Ho. 50Vdss 0.50Vdes 
0.25Vdss 0.265Vdss 
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FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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5 LEAD 
SWITCHING TEST CIRCUIT 


SWITCHING WAVEFORMS 


FIGURE 12. RESISTIVE SWITCHING 
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Performance Curves (Continued) 


VARY t, TO OBTAIN 
REQUIRED PEAK i 


e 
- Yoo 


- 


Vgs 0 —"p 


UIS TEST CIRCUIT. 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 


Spice Model 


SUBCKTRFA1OONO5 6 1 4 5 3 2 ; rev10/30/90 
*Nominal Temperature = 25°C 

CchargeA 12 8 8.98e-9 

'CchargeB 15 14 8.8e-9 

Cin 24 8 4.48e-009 


UIS WAVEFORMS, 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 


Depletion__cap 10 21 DPLCAPMOD ‘2 
Dbody 7 21 DBODYMOD Ldkelvin 3 aw 
Dbreak 21 11 DBREAKMOD 23 DRAIN = 2 
Eds 14 8 21 8 1 , Rkdrain <> 
Fus 13 8 24 8 1 Depletion_cap p ha = Ps 
Esg 24 10 24 8 1 _Tio | al Ldrain DRAIN 2 
Ebreak 11 7 17 18 58.4 Esq Rdrain 2 
Evo 20 24 18 8 1 16 \Z | 
Ipos 8 17 1 GATE Rgate Evta + - ge? Dbody 
Ldkelvin 3 23 1e-9 ie WB) ) eS KR) 
Ldrain 6 21 2¢e-10 Lgate > red SOURCE 
Lgate 1 9 5e-9 in Cin q | Rsource KELVIN 
Lskelvin 2 7 5e-9 . 
Lskelvin 

Lsource1 4 22 6e-9 Rksource? Rksource | 
Lsource2 5 25 6e-9 Slaq S2q Lsourcel 
Mos 16 24 8 8 MOSMOD 12 2 ry 4 
Rbreak 17 18 RBREAKMOD 1 13 SOURCE 
Rdrain 21 16 RSOURCEMOD 2.74e-3 Sib 9 95 
Rgate 9 20 1.2 3 | Pere? 
Rkdrain 23 21 0.33e-3 CchargeA | CchargeB ) Hr») 
Rksourcel 7 22 1.6e-3 is +| 14 , Rbreak 
Rksource2 7 25 1.6e-3 E pos 

8 18 
Rin 24 8 1e+9 : Eds) Vbat vo 
Rsource 8 7 RSOURCEMOD  1.2e-3 —{i{t 19 
Rvto 18 19 RVTONEGMOD 1 


Sia 24 12 13 8 S1AMOD 
Sib 13 12 13 8 S1BMOD 
S2a 24 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 88 19 DC 1 


-MODEL 
-MODEL 
‘MODEL 
MODEL 
MODEL 
MODEL 
-MODEL 
MODEL 
‘MODEL 
-MODEL 
MODEL 
LENDS 


S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.48 VOFF=-0.48) 
S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-0.48 VOFF=-2.48) 
S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=2.75) 

S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.75 VOFF=-2.25) 
DBODYMOD D (IS=2.23e-12 RS=2.5e-3 TRS1=2.5e-3 CJO=7.55e-9 TT=4e-8) 
DBREAKMOD D (RS=8e-2 TRS1=2.5e-3) 

DPLCAPMOD D (IS=1e-030 N=10 CJO=2.14e-9) 

RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 

RSOURCEMOD RES (TC1=5.2e-3 TC2-1.37e-5) 

RVTONEGMOD RES (TC1=-3.78e-3 TC2=-7.5e-7) 

MOSMOD NMOS (VTO=3.48 N=10 IS=1e-030 KP=78.5 TOX=1 L=1u W1u) 
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2N6804 


Avalanche-Energy-Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
TO-204AA 
Soe eey BOTTOM VIEW 
e rDS(on) = 0.3020 
‘ = DRAIN 
e Single Pulse Avalanche Energy Rated SOURCE / (FLANGE) 
e SOA is Power-Dissipation Limited “O- 
e Nanosecond Switching Speeds O dy. O 


e Linear Transfer Characteristics 
GATE 


® High Input Impedance 
Description 


The 2N6804 is an advanced power MOSFET designed, tested, and | Termina/ Diagram 
guaranteed to withstand a specified level of energy in the breakdown 


avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, D 


motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 


The 2N6804 is supplied in the JEDEC TO-204AA steel package. G 


P-CHANNEL 
POWER MOSFETs 


Ss 
Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 
2N6804 UNITS 

Drain=SOurce Voltages ben tou ei ke chet need ete sl deoee ee iea wees Vos -100* V 
Drain-Gate Voltage (RGS = 20K)... ccc cc cece cece eee eeee VDGR ~100* V 
Continuous Drain Current 

UG 2 OPO pce ei deen tokienwdes oo eatoddine Wess ceeveedutadt ID ~11* A 

TG E100 PC ion oe Warts estes nom acu cade eee daa ain Ue tea. tires Ip -7.0* | A 
Pulsed Drain Current (Note 2) 2 ec isc cc keee sea vetstieeen seat eeeaee IDM -50* A 
Gale=SOUree VONEG Gin ci winced bio dae es eared ewer wae wisn eilals Bis Vas +20* V 
Maximum Power Dissipation 

TG = 425°C (See FIQUIC 14) scans nike iendisnsGaseteeeabee we deere Pp 75* WwW 

Above Tc = +259C, Derate Linearly (See Figure 14) .............. 2.008 0.6* W/°C 
Single Pulse Avalanche Energy (Note 3) ........... csc cee ee ceceeeees Eas 500 mJ 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering .......... 0. cece cece re eenes TL 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
*JEDEC registered values 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
2. Repetitive Rating: Pulse width limited by maximum junction temperature, 

See Transient Thermal Impedance Curve (Figure 5). 
3. Vop = 25V, Starting Ty = 25°C, L = 6.2mH, Rg = 25, Peak I, = 11A, 

(See Figure 15 and 16). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 991 7 
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- 2N6804 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


. : Parameter 
BVpss Drain-Source Breakdown Voitage ~ 100° 


+ 
< 
v0 


Oo 


VGS(th) Gate Threshold Voitage 


less Gate-Source Leakage Forward 
lass Gate-Source Leakage Reverse 


lpss Zero Gate Voltaga Drain Current 


VpS(on) = On-State Drain Current © 


Rps(on) Static Drain-Source On-State _ 
: Resistance 
Sts Forward Transconductance © 


Ciss Input Capacitance 


. Ves = -20V 
Ves = 20V 


Vos = Max. Rating, Vag = OV 
Vps = Max. Rating x 0.8, Vag = OV, To = 125°C 
Vos > 'pion) * Rpson) max., V@s = -10V 


Ves = -10V, Ip = -6.5A 


Vos > ID(on) x Rpsvon) max., Ip = —6.5A 
Ves = OV, Vpsg = —25V, f = 1.0 MHz 
See Fig. 10 


w 
N 


Coss Output Capacitance 
Crs5 Reverse Transfer Capacitance 


td(on) Turn-On Delay Time 


td(off) Turn-Off Delay Time 
t Fall Time 


Qg Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Qgs Gate-Source Charge 


Qga Gate-Drain (‘‘Miller’’) Charge 


Vop = -35V, Ip = -7.0A, Zy = 500 
See Fig. 17 


MN“ 
o 


(MOSFET switching times are essentially 
independent of operating temperature.) 


MN 
Oo 


s = -—15V, Ip = -15A, Vpsg = 0.8 Max. Rating. 
See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


Measured between Modified MOSFET 
the contact screw on symbol showing the 
header that is closer to| internal device 
source and gate pins inductances. 

and center of die. 


Internal Drain Inductance 


Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 


Interna! Source Inductance 


Thermal Resistance 


Rguc Junction-to-Case 
Rgcs Case-to-Sink 
R gua Junction-to-Ambient 


Mounting surface flat, smooth, and greased. 


Typical socket mount 


Source-Drain Diode Ratings and Characteristics 


D 
Is Continuous Source Current ~11" Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. © 


are CS A p= OO 
Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*“JEDEC Registered Value 


@ Pulse Test: Pulse width < 300s, Duty Cycle < 2%. 
@® Repetitive Rating: Pulse width limited by max. junction temperature, See Transient Thermal impedance Curve (Fig. 5). 
@ Vop = 25V, Starting T, = 25°C, L = 6.2 mH, 

Hg = 252, Peak I. = 11 A, (See Fig. 15 and 16). 


(Body Diode) 


Isaa__—. Pulse Source Current (Body Diode) © 
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2N6804 


B80 uS PULSE TEST 
Vos > !pion) * Ros(on) max. 


7) 
W 
« 
WwW 
a. 
= 
= 
- 
2 
Ww 
3 
«x 
2 
oO 
< 
4 
a 
i) 


Ip, DRAIN CURRENT (AMPERES) 


oe es aa I eee 


ce) S10 -20 -30 -40 -50 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vas. GATE-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43288 92CS-43289 
Fig. 1 - Typical Output Characteristics Fig. 2- Typical Transfer Characteristics 


=F OPERATION IN THIS AREA 
-—_}—}-Ft IS LIMITED BY Ros (ON) 
4 ARREST 
7 | * can oa 8 
; a ae eae 
5 on) 
a A 4a LL 
= = 710R ee a 
= ee car 2s - 
- a 2 Se te 
ai gs a2 =o 
a: ae Si =o 
= > 2 <= 
: ee SE 5 
F = -19 sais © = 
< 3 = 
a ra) s a. = 
8 G4) Reyc = 1.67 °C/W Oo. 


SINGLE PULSE 


-0.1 -10 -100 —-1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43290 92CS-43301 
Fig. 3 - Typical saturation characteristic. Fig. 4 - Maximum safe operating area. 


- ob a a 11 8 | BL | 
z 
aba 1.0 ee 0 CO 
li A og EEE = SS ees 
N ® o5 ed = ce OS RS DW Oe OS =—— a 
o> w a es [| ee eee" —s rity Tt 
s Zz 0 —to.2t tH —e au ee earl See sa J 
ef Z ooh emanate PT Seer tte 
Owa eet ===" res iy | 
z>u = a8 eee al Toa ma OR N 
OOF 0s == 25 eer tt ax ee os 0 i [] 1. DUTY FACTOR, D = ty/tg 
@ q - =s Sa 2 Sl OO 2. PER UNIT BASE = R@Jc 
Nw = SINGLE PULSE (TRANSIENT =1. oF. DEG. C/W. 
c mica Seaciie 
- 0.01 He 00 OB |G a GS 6 BSG = Pom: Z6ucit) * RAs 
2 5 2 5 * 2 5 = 2 5 1 2 5 2 5 
10-5 1074 1073 10-2 107 1.0 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM- 43302 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 


2N6804 


ANI AI 


WIN IT TE 
MT a 
Ul 


eed 


| 
(SauadWv) paceas NIVHG aeuaAau ‘ud; 


Vos > !p(on) * Rps(on) max. 
80 pS PULSE TEST 


(SNAW3IS) AONVLONGNOOSNVHL ‘S45 


Ves. SOURCE TOGAAIN VOLTAGE (VOLTS) 


DRAIN CURRENT (AMPERES) 


Ip, 


92CS-43270 


92CS-43293 


Fig. 7 - Typical source-drain diode forward voltage. 


Fig..6 - Typical transconductance vs. drain current. 


pee EN 

SReSENSRRE 
EeERERERRE: 
ER ERR AVEER: 
PTET TTT Ty 


Ty, sinevon a MRUAOAE (°C) 


ERP SRRRNSa 


(GQSZIWWHON) 
JONVLSISSY NO 394NOS-OL-Niva ‘(YO)Sdy 


Oo 
Ty, JUNCTION TEMPERATURE eo 


= “ 
(QAZIIWWHON) SDVLIOA 
NMOGXV3YSE 39YNOS-OL-Nivud ‘SSOpg 


92CS-43303 


92CS-43294 


Fig. 9 - Normalized on-resistance vs. temperature. 


Fig. 8 - Breakdown voltage vs. temperature. 


EF 
50 
or 
0 =e 
ae 
Oo 
Or 
Orw 
orw 
ow 
we 


(SLIOA) SDVLIOA 3DHNOS-OL-aLVD ‘SIA 


Ciss 


arene 
Hien 
Bana 
eT 


(49) SONVLISVdV9 ‘D9 


io) 
N 
I 


° 
~ 
I 


Qg, TOTAL GATE CHARGE (nC) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43297 


92CS-43296 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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2N6804 


RESISTANCE (OHMS) 


ee ee 
Ros(on) MEASURED WITH CURRENT PULSE OF 2.0 pS 
DURATION. INITIAL Ty = 25 °C (HEATING 
EFFECT OF 2.0S PULSE IS MINIMAL) 
Oo -10 —-20 -30 -40 -50 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
92CS-43298 92CS-43304 


2 a 

Ww 
° va 
w wi 
oO a 
x = 
Fe < 
7) - 
: z 
Oo Ww 
e va 
: : 
= 5) 
ra) z 
¢ F: 
2 Q 
o z 
ra a 
is £ 


Fig. 13 - Maximum drain current vs. case temperature. 
Fig. 12 - Typical on-resistance vs. drain current. 


aaa eeeeE 


exe 4 


Vgs=-10V 
i= 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


92CS-43278 


P-CHANNEL 
POWER MOSFETs 


Fig. 15 - Unclamped inductive test circuit. 


Pp, POWER DISSIPATION (WATTS) 


am 
Rae ae 
ye 


IN 


e) 20 40 60 80 100 120 140 160 180 190 
Tc, CASE TEMPERATURE (°C) 


92CS-43305 


Fig. 14 - Power vs. temperature derating curve. 


BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


-Vos 
. O ISOLATED 
CURRENT SUPPLY 
REGULATOR ¢ 
PULSE WIDTH a5 COMPLEMENT 
12V => OF DUT 


VGS (ON) +10V 


INPUT 50 % 


10% 
VGS (OFF) OV 
INPUT PULSE 
RISE TIME INPUT PULSE FALL TIME 
tg (on) tr tg (off) ty 
OUTPUT O+Vpos 
- Ig ; Ip 
DS (ON) CURRENT CURRENT 
: SAMPLING SAMPLING 
pereasece RESISTOR RESISTOR 
92CS-43307 
Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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Avalanche-Energy-Rated 


August 1991 P-Channel Power MOSFETs 
Features — Package 
a TO-205AF 
*=6.5A, -100V BOTTOM VIEW 
® FrDS(on) = 0.302 
e Single Pulse Avalanche Energy Rated 
SOURCE GATE 


e SOA is Power-Dissipation Limited 


¢ Nanosecond Switching Speeds 


¢ Linear Transfer Characteristics DRAIN 
: (CASE) 
® High Input Impedance 
Description | 
The 2N6849 is an advanced power MOSFET designed, tested, and | Terminal Diagram 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistor designed for , 
applications such as switching regulators, switching converters, D 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 
The 2N6849 is supplied in the JEDEC TO-205AF (Low Profile G 
TO-39) metal package. 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6849 UNITS 
Drain=Source VOlade ss ccasie dieses wee etna Pasnew wes ews tae Vos -100* V 
Drain-Gate Voltage (RGS = 20K). 0... ce cee eee teen e cence et eenee VDGR -100* V 
Continuous Drain Current . 
To = +259C ........0. Lia netdee telah eee tad bowen Sui Paeaee eee Ip -6.5* , A 
TGS 1000 Cs raectucetana.ca des nans eee cateaalaca oh ee siawenetae Ip ~4.1* A 
Pulsed Drain Current (Note 2) 20... ccc cece c cece cent en eeeevence IDM -25* A 
Gale-Source Voltage. s evi e et iss wiweweue ts de eawserneas ens Ves +20* V 
Maximum Power Dissipation 
TE: +259 (See Figure 14) ses van ekGinesvesaks ove na cneaan oaks Pp 25* WwW 
Above Tc = +259C, Derate Linearly (See Figure 14) ..........cceeeeees 0.2* W/9C 
Single Pulse Avalanche Energy (Note 3) ...... ccc cece ccc en sec nvenee Eas 500 mJ 
Operating and Storage Junction Temperature Range............ Ty, ISTG -55 to +150* 0G 
Maximum Lead Temperature for Soldering ...... Te ee eee TL 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
*JEDEC registered values 
1. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% 


2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5) 


3. Vpp = 25V, Starting Ty = 259°C, L = 17.25mH, Rg = 25, Peak 
ue == 6.5A, (See Figure 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


: ; ae File Number 2219 
Copyright © Harris Corporation 1991 
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2N6849 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


BVpss Drain-Source Breakdown Voltage 
V@sith) Gate Threshold Voltage 


ue] 


-4.0° 


ie ad Vas = OV, Ip = 250HA 
wa 


Vos = Ves. |p = -0.25mA 


less Gate-Source Leakage Reverse | nA Vas = 20V 
Ipss Zero Gate Voltage Drain Current Vos = Max. Rating, Veg = OV 
Vos = Max. Rating x 0.8, Vgg = OV, To = 125°C 


Vps(on)  On-State Drain Voltage © Vps > !pion)RDs(on)Max.. Vag = -10V, Ip = 6.5A 


ees 
ee Vag = -10V, Ip = -4.1A 
Peeks 


S(O) Vos = -5V, ID(on) x RpS(on) max., Ip= -4.1A 


Rps(on) _—_ Static Drain-Source On-State 
Resistance © 


Sts Forward Transconductance © 
Ciss Input Capacitance 
Coss Output Capacitance 


Crss Reverse Transfer Capacitance 


Ves = OV. Vps = -25V, f = 1.0 MHz 
300 See Fig. 10 
100 


td(on) Turn-On Delay Time 


td(off) Turn-Off Delay Time 


Vop =-42V, Ip = -4.1A, Zp = 500 
See Fig. 17 


NN 
o 


140 
14 
14 


MN 
oS 


(MOSFET switching times are essentially 


00 
7.5 

0 

0 independent of operating temperature.) 


N“N 
oO 


ty Fall Time 
Qg Total Gate Charge 
(Gate-Source Plus Gate-Drain) 
Qgs Gate-Source Charge 


Qga Gate-Drain (‘‘Miller’’) Charge 


Vas = -15V, Ip = -15A, Vps = 0.8V Max. Rating. 
See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


w 


45 
23 
22 


Le) 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured from the 
drain lead, 

5mm (0.2 in.) 

from header to 
center of die. 


Internal Drain Inductance 


V 

Vv 

nA 

nA 

Vv 

Q 

pF 

pF 

pF 
aed] 
pee 


Thermal Resistance 


RBs: Junction-to-Ambient Se ee ee Typical socket mount 


Measured from the 
source lead, 5 mm 
(0.2 in.) from header 
to source bonding 

pad. 


Internal Source Inductance 


Source-Drain Diode Ratings and Characteristics 


; D 
senior vin ees Tat Conon 
Is Continuous Source Current Modified MOSFET symbol! 
(Body- Diode) showing the integral 
reverse P-N junction rectifier. 
G 
Diode Forward Voltage ® Po = | = [ats Tc = 25°C, Ig = —6.5A, Vag = OV : 
tre Reverse Recovery Time | — | — {| 20 | ns | Ty = 25°C, Ip = -—6.5A, dig/dt = 100 A/ys 
QarR Reverse Recovered Charge Fo =— 7 18 f = [ we | Ty = 25°C, Ip = -6.5A, dig/dt = 100 A/us 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC Registered Value @ Vop = 25V, starting Ty = 25°C, L = 17.25 mH, 
@ Pulse Test: Pulse width < 300us, Duty Cycle < 2%. Re = 250, Peak I. = 6.5A. (See Fig. 15 and 16) 
@ Repetitive Rating: Pulse width limited by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Test Conditions . 


P-CHANNEL 
POWER MOSFETs 


2N6849 


_ee eee eee 
[Oey ah bot eee 
ee ae 


en cee) eee a ces Gee 


80 pS PULSE TEST 
Vos > !pjon) * RoS(on) max. 


-8 


Eee an 
i i A a 24 a 
i 2 
Pe ae a 
| a 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


-4 


Oo -10 — -20 —-30 -40 -50 ce) ~10 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) re GATE ey SOURCE wee seers: 
92CS-43288 92CS-43289 
Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 


OPERATION IN THIS AREA : 
1S EINITED BY Ros (ON) | 


NO 


miei 
amar - 
7/46 > 
ey 24> 


— A 


TN 


fy TTT 
Yt a | 


Reuc = 5.0 °C/W 
SINGLE PULSE 


PAT 


w 
uJ 
x 
WwW 
a 
= 
< 
k 
z 
WwW 
x 
« 
5 
rs) 
= 
< 
«x 
oa 
[-) 


Ip, DRAIN CURRENT (AMPERES) 


Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43290 92CS-43318 
Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 


Sr 
PT eed 


. DUTY FACTOR, D = ty/to 
. PER UNIT BASE = Rac 
= 5.0 DEG. C/W. 
-Tym-Te 
= Pome Zguclt): Rguc 


Q 
W 
S 
a 
< 
= 
x 
° 
2 
cS 
es) 
~ 
@ 
N 


EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10 


tz, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM- 43292 


Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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2N6849 
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(SNAM3ZIS) SONVLONGNODSNVUL ‘*36 


SOURC E-TO-DRAIN VOLTAGE (VOLTS) 


“Vep. 


Ip, ORAIN CURRENT (AMPERES) 


92CS-43270 


92CS-43293 


Fig. 7 - Typical Source-Drain Diode Forward Voltage 


Fig. 6 - Typical Transconductance Vs. Drain Current 


SLA4SOIN YUMOd 


TANNVHI-d 


Ty, JUNCTION TEMPERATURE (°C) 


(a3ZITVWHON) 
3ONVLSISSY NO 39uNOS-OL-Nivua ‘(Y°)Sdy 


0 
Ty, JUNCTION TEMPERATURE (°C) 


(QA3ZIIVWWHYON) 3DVLIOA 
NMOGNV3YE SD"NOS-OL-Nivud ‘SSGpag 


92CS-43319 


92CS-43294 


Fig. 9 - Normalized On-Resistance Vs. Temperature 


Fig. 8 - Breakdown Voltage Vs. Temperature 
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TOTAL GATE CHARGE (nC) 


Qg, 


(SLIOA) SDVLIOA 3DUNOS-0L-31LV9 ‘SIA 
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(49) 3ONVLIOVdY9 ‘9D 


92CS-43297 


92CS-43296 


Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 
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2N6849 
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Rps(on) MEASURED WITH CURRENT PULSE OF 2.0 nS 
DURATION. INITIAL Ty = 25 °C (HEATING 
EFFECT OF 2.0 uS PULSE IS MINIMAL) 
te) -10 -20 —30 -40 -50 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 


92CS-43298 92CS-43320 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 
Fig. 12 - Typical On-Resistance Vs. Drain Current 


' tp 
{ov | 
Ves =—10V 


i 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped Inductive Test Circuit 


Pp, POWER DISSIPATION (WATTS) 


Oo 20 40 60 80 100 120 140 160 180 200 
Tc, CASE TEMPERATURE (°C) 


92CS-43300 BVpss 
92CS-43279 
Fig. 14 - Power Vs. Temperature Derating Curve Fig. 16 - Unclamped Inductive Waveforms 
—Vps 
O (ISOLATED 
CURRENT SUPPLY) 
REGULATOR ¢ 
PULSE WIDTH COMPLIMENT 


12V > OF DUT 
VGS (ON) + 10V BATTERY 1 0-2HF=- SOK 
INPUT 
VGS (OFF) OV 
SCE TIME. INPUT PULSE FALL TIME 
tg (on) ty tg (off) tr 
ns ae a 
OUTPUT =F O+Vps 
v | IG Ip 
re CURRENT CURRENT 
92CS-43306 SAMPLING SAMPLING 
RESISTOR RESISTOR 
92CS-43307 
Fig. 17 - Switching Time Test Circuit Fig. 18 - Gate Charge Test Circuit 
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2N6851 


Avalanche-Energy-Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
TO-205AF 
e -4. -20 
encevoN BOTTOM VIEW 
* DS(on) = 9.802 
SOURCE GATE 
e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited S 
¢ Nanosecond Switching Speeds ” = DRAIN 
e Linear Transfer Characteristics (CASE) 
e High Input Impedance 
Description 
The 2N6851 is an advanced power MOSFET designed, tested, and | Terminal Diagram 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, D 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. ” 
; : : : : 
This type can be operated directly from integrated circuits. are Te 
= 
The 2N6851 is supplied in the JEDEC TO-205AF (Low Profile G = = 
TO-39) metal package. =e 
= rr) 
a= 
Ss a 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6851 UNITS 
Drain-Source Voltage as ciccascdcpVeseukdeewnesaceke- ub ee Coetvees Vps -200* V 
Drain-Gate Voltage (RG@S = 20K)... eee eee eee ee eee VDGR -200* V 
Continuous Drain Current 
V2 9 C etru ee wien eerie eeaeeed eee e ie ae eee Ip -4,0* A 
TOS FOO IG cawinv hs dw gclabuGaanee orate Sead auelengdeanatnateate Ip -2.4* A 
Pulsed Drain Current (Note 2) 0... .. cece cece eect eee e eee e ence IDM "20" A 
Gate- Source VoOllage = oss cesuiviee hacia aud kine bad aeer ed sediate VGs +20* V 
Maximum Power Dissipation 
TG = 425°C (See Figure 14).64 wc csvatwecaun ees aahadsuaeueoaws Pp 25* W 
Above Tog = +25°C, Derate Linearly (See Figure 14) ........... eee e ene 0.2* W/°CG 
Single Pulse Avalanche Energy (Note 3) ......... ccc ccc ee cnc eeeecees EAS 500 mJ 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering ...........ccceeecccceveces TL 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
*JEDEC registered values 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5). 
3. Vpp = SOV, Starting Ty = 25°C, L = 46.9mH, Rg = 2520, Peak I, = 4.0A, 
(See Figure 15 and 16). 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 991 8 
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Electrical Characteristics @ tT¢ = 25°C (Unless Otherwise Specified) 


Pane ain 
BVpss __—Drrain-Source Breakdown Voltage | -200° | Ves = OV, Ip = 1:0MA 
Vasith) Gate Threshold Voltage | -2.0° | 


lass Gate-Source Leakage Forward 


lass Gate-Source Leakage Reverse 


loss Zero Gate Voltage Drain Current 


Vpsion) On-State Drain Voltage © Vos > 'pion) * Rogion) max., V@S = -—10V. Ip = -4.0A 


Rpsion) Static Drain-Source On-State 0.80° Q Veg = -10V, Ip = -2.4A 
Resistance © 


fs Forward Transconductance © | 22 | 35 | -66 | S&) | Vos = —5V x Rpsjonymax. 'p = -2.4A 
Ciss Input Capacitance | 400 | 550 | — | pF | Vas = OV. Vos = -25V, f = 1.0 MHz 
[Gag Rovere Tarte Capacinco (50 [| oF 
aon Twrondeatne = | | | 
= 


Qg Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Qgs Gate-Source Charge 


Qga Gate-Drain (‘‘Miller’’) Charge 


Vop = -95V, Ip = -2.4A, Z,9 = 500 
See Fig. 17 


(MOSFET switching times are essentially 
independent of operating temperature.) 


Vas = —15V, Ip = -8.0A, Vpg = 0.8 Max. Rating. 
See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
drain lead, 5mm 

(0.2 in.) from header 
to center of die. 


Lp Internal Drain inductance 


Ovo 


Measured from the 
source lead, 5 mm 
(0.2 in.) from header 
to source bonding 

pad. 


Internal Source Inductance 


Ls 


Thermal Resistance 


R@ 5c Junction-to-Case 


Typical socket mount 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. G 


-1.5 v To = 25°C, Ig = -4.0A, Vgg = OV : 


Continuous Source Current 


(Body Diode) 


Ism Pulse Source Current (Body Diode) © —_ ee 
ee ae 
ae ee 
Peale ee 


Vsp __ Diode Forward Voltage © 
| 400 fons Ty = 25°C, Ip = —4.0A, die/dt = -100 Als 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 
*JEDEC Registered Value @ Vop = 50V, starting Ty = 25°C, L = 46.9 mH, 
@ Pulse Test: Pulse width < 300us, Duty Cycle < 2%. Re = 252, Peak I = 4.0A. (See Fig. 15 and 16) 


@ Repetitive Rating: Pulse width limited by max. junction temperature. 
See Transient Thermal Impedance Curve (Fig. 5). 
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Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
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Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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a 80 yS PULSE TEST Ce 
2 Ww SEES ERE SEENERS SEALE aes) DERE (ETA SEREe eae) APE) 
2 Vos > !p(on) * Ros(on) max. an i SRO RCE Rae eI REI cae 
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—-0.4 —0.6 -0.8 --1.0 -1.2 -1.4 -1.46 -1.8 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92CS-43312 92CS-43270 


Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 


(NORMALIZED) 
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Veg =-10V 
Ip =-2.0A 


BVpss, DRAIN-TO-SOURCE BREAKDOWN 
VOLTAGE (NORMALIZED) 


Rps(on): 


-40 oO 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


92CS-43294 92CS-43313 


Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 


=~-68A 
oan TEST CIRCUIT 
SEE FIGURE 18 


Crss = Cga 
Cc Cc 
= gs ‘gd 
Coss = Cds + Cgs + Cga 


Hos a 


Vos = -160\ Vv 
‘Vos = ~#04 ca 


C, CAPACITANCE (pF) 
Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qg, TOTAL GATE CHARGE (nC) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43314 


92CS-43315 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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Rps(on) MEASURED WITH CURRENT PULSE OF 2.0uS 


DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 uS PULSE !S MINIMAL) 
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ON RESISTANCE (OHMS) 


Fig. 12 - Typical On-Resistance Vs. Drain Current 


Pp, POWER DISSIPATION (WATTS) 


Fig. 14 - Power Vs. Temperature Derating Curve 


PULSE WIDTH 
VGS(ON)+10V 7 


INPUT 


VGS (OFF) OV 


VoS (OFF) 
OUTPUT 
Vps (ON) 


fs] Wea ole 
as eee 
PT EW TTT TT 
Rei eeee 


-5 -10 -15 -20 


Ip, ORAIN CURRENT (AMPERES) 


20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) 


50 % 50 % 
10 % 


INPUT PULSE 


2N68517 


92CS-43316 


180 200 


92CS-43300 


RISE TIME INPUT PULSE FALL TIME 


tg (on) ty ty (off) 


Fig. 17 - Switching Time Test Circuit 
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Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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P-CHANNEL 
POWER MOSFETs 


Fig. 15 - Unclamped Inductive Test Circuit 


BVpss 


92CS-43279 


Fig. 16 - Unclamped Inductive Waveforms 
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Fig. 18 - Gate Charge Test Circuit 
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P-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistors 
Features Package 
TO-205AF 
© -1.16A, -100V BOTTOM VIEW 
® DS(on) = 3.650 
e SOA is Power-Dissipation Limited 
SOURCE GATE 


¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6895 is a P-channel enhancement-mode silicon-gate power | Termijna/ Diagram 
MOS field-effect transistor designed for applications such as 


switching converters, motor drivers, relay drivers, and drivers for P-CHANNEL ENHANCEMENT MODE 
high-power bipolar switching transistors requiring high speed and ; 
low gate-drive power. This type can be operated directly from D 


integrated circuits. 


The 2N6895 is supplied in the JEDEC TO-205AF metal package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6895 UNITS 

DraiIn=SOurce VOUNRGS esaieidn nda Naiteate shee ase wy aiN eae seeeaas Vpss -1 00* V 
Drain-Gate Voltage (RGS = IMD) ...... cece cece cence ence tenes VDGR -100* V 
Continuous Drain Current 

RMS Conunuous i:< si sce hsdaeaedtoewn ee hasan y oes Sodas CaaS ID -1.16* A 

Pulsed Drain Current. ssc sss etwee ee. ee ees seers ou Meee nee Callen IDM =): A 
Gale-Source Voltage: 44 seis aves Coat ony Cidasnan sires anes V6s +20* V 
Maximum Power Dissipation 

TCE ZIG eras cioe sn edteerd aus Saleen aac’ Qeawiewe keen aes eenoe Pp 8.33* W 

Above Tg = +259C, Derate Linearly .......... cece cece eee eee e ence 0.0667* W/°C 
Operating and Storage Junction Temperature Range............ Ty, ISTG -55 to +150* oC 
Maximum Lead Temperature for Soldering .........cccs cece cccseetecs TL 260 °C 


(At distances > Ya” (3.17mm) from seating plane for 10s max) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


| File Number 1873 
Copyright © Harris Corporation 1991 
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ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1 MA, Vas = 0 
Gate Threshold Voltage Ves(th) Vas = Vos, Ip = 0.25 mA 


Zero Gate Voltage Drain Current loss Vos = -80 V 
Tc = 125°C, Vos = -80 V 


Gate-Source Leakage Current less Ves = £20 V, Vos = 0 


pe 

Drain-Source On Voltage Vps(on)@ lp = 0.74 A, Vas = -10 V | — | 2.7 | 
lo = 1.16 A, Vas = -10 V | — | 
Static Drain-Source On Resistance rps(on)& lp = 0.74 A, Vas = -10 V | — | 
Tc = 125°C, In = 0.74A, Vos=10V | — | 


[Forward Transconductance——~—S~S~S~SB dC = -10V, lo = 0.74A | 200 [800 | mho 
Vos = -25 V 

Vas = 0 V 

f= 1 MHz | 

Vos = -50V r— [25 
l= 0.74 A co 
Roen = Pea = 150 = a5 
Vos = 210 ¥ = 150 
[Thermal Resistance Junction-to-Case—=~#Age | —SOSC~—~—SS YA 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 
* 


* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


| _ CHARACTERISTIC TEST CONDITIONS ini 


Diode Forward Voltage Vsp& | Isp = 1.16 A 10.8 | 1.6 | 
Reverse Recovery Time tie, - — le = 4A, dir/dt = 50 A/ps 


“In accordance with JEDEC registration data. 
@Pulsed: Pulse duration = 300 ps max., duty cycle = 2% 


* 


isp ELI ESERTE 


8333 5 
fT ; 
PTT bebe 43 + 
33235953) RU BB 2483 WR BSS ELIT 12933 I REST B30, oe BERS ES Se 
2B BE EIS MSE LST L272 ets! RUTLS 82813 = RES LT 33 


S3OPERATION IN THIS AREA Hf 
21S LIMITED BY Fog (on) 


DRAIN CURRENT (Ip)—A 


ASE TEMPERATURE(Tc )= 25°C 2 
CURVES MUST BE DERATED 4 
LINEARLY WITH INCREASE § 
IN TEMPERATURE) H 

SHAH GRLELLLLEH BR EGE RE BSRLAAL LL REEL 


DRAIN -TO-SOURCE VOLTAGE (Vps5)— V 
92CM-40693 


Fig. 1 - Maximum operating areas. 
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Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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- 37590 


92cs 


Fig. 6 - Typical drain-to-source on resistance as a function of 
drain current. 


2N6895 


Vos: -I5V 

PULSE TEST 

PULSE DURATION= 80ys 
DUTY CYCLE < 2% 
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92CS-37592 
ORAIN CURRENT (Ip)-A 


Fig. 8 - Typical forward transconductance as a function of 
drain current. 


P-CHANNEL 
POWER MOSFETs 


5-21 


ia HARRIS 


2N6896 


P-Channel Enhancement-Mode 


August 1991 | Power MOS Field-Effect Transistors 
Features 7 | Package 
TO-204AA 
BA ehOOY BOTTOM VIEW 


* 'DS(on) = 0.62 
e SOA is Power-Dissipation Limited SOURCE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6896 is a P-channel enhancement-mode silicon-gate power | Terminal Diagram 


MOS field-effect transistor designed for high-speed applications 
such as switching regulators, switching converters, relay drivers, and P-CHANNEL 
drivers for high-power bipolar switching transistors. 


The 2N6896 is supplied in the JEDEC TO-204AA metal package. 


G 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6896 

Drain=Source Voltage cus asiies vcs iwciaeaey ws san geedeees tase yew-es Vpss © -100* 
Drain-Gate Voltage (RGS = IMD) ...... cece cece cece renee eeees VpDGR -100* 
Continuous Drain Current 

RMS Continuous: soci vas dewey Canicaauint Wut paadasiweke me heaene Ip “Gr 

Pulsed Drain GUunentencscu ie weietaae ieee isnt esas eakele ea teds IDM -20* 
Gate=Source Voltage.s..6s cccw ert nese wcwadiensaee sew tind swaumesns Ves +20* 
Maximum Power Dissipation 

EG = 20°C seth eens ne dadaement coke ee aon eeeGepned Pp 60* 

Above To = +25°C, Derate Linearly .......... 0. ccc cece ese c cee enace 0.48% 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* 
Maximum Lead Temperature for Soldering ..........ccecccececccecces TL 260 


(At distances > Ye" (3.17mm) from seating plane for 10s max) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


5-22 


ENHANCEMENT MODE 


D 


File Number 


1874 


2N6896 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS all UNITS 


Drain-Source Breakdown Voltage BVoss Ip = 1 mA, Vas = 0 - 
Gate Threshold Voltage Vas(th) Vas = Vos, ln = 0.25 mA -4/ Vv | 


Zero Gate Voltage Drain Current _ loss Vos = -80 V A 
| Tc = 125°C, Vos = -80 V M 


V 
Gate-Source Leakage Current lass Vas = £20 V, Vos = 0 nA 
V 


| nA | 

eek ee 0v es 

Ip = 6A, Ves = -10 V 

IA ET TM 
Te = 125°C, Ip = 3.8 A, Vas = 10 V 


Forward Transconductance ta® Vos =-10 V, In =3.8A 
Input Capacitance Ciss | Vos = -25 V 
Output Capacitance Coss Ves =O V 


alé 
oO 
=) 


* 


* 


TO 
TI 


* 


f= 0.1 MHz 

Yoo 2-50 V 

b= 3.8A 

Poon = Poa = 15.0 

Ves = -10V 

[Thermal Resistance Junction-to-Case_—-Rge | —SSs—SSCSCSS 


* 


* 


— 
oO —_ 
© 
—} oa} —{C]0 —_ 
oO;1on;o oi] GM} © © —Iln 
OoO;1rolo Orolo (en) 
=z 
(e) 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC _ TEST CONDITIONS a 


Diode Forward Voltage Vsp Isn = 12 A 0.8 | 1. 
Reverse Recovery Time tis lp = 4 A, die/dt = 50 A/us | — | 


*In accordance with JEDEC registration data. 
€@Pulsed: Pulse duration = 300 ws max., duty cycle = 2% 


4 
o) 


Hitt CASE TEMPERATURE(Tc)= 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 


srt weilidine 
Sesesterni it 


eeestttid 4 
OPERATION IN THIS AREA 
IS LIMITED BY Tp¢5 (on) 


DRAIN CURRENT (1p)—A 

OH OSREEstE! rath 
MARKT LISS LANs Ie SALT esi SAE: 
RBBSSLIIS3 82833117 VST pity 


2 4 6 8 2 4 6 8 2 4 6 8 
1 10 100 1000 


DRAIN -TO-SOURCE VOLTAGE (Vps)— V 
92CM- 40696 


Fig. 1 - Maximum safe operating areas. 
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Fig. 3 - Typical normalized gate threshold voltage as a 


JUNCTION TEMPERATURE (Tj) — 


92CS -34364RI 


40718 


Power dissipation vs. temperature derating curve. 


Fig. 2 


function of junction temperature. 
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-source on resistance to 


Typical transfer characteristics. 


Fig. 5 


to 


Fig. 4 - Typical normalized drain 


junction temperature. 
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PULSE DURATION = 80 2S 
$2% 


DUTY CYCLE 


SOURCE VOLTAGE (Vps) — V 


-TO- 


DRAIN 


—A 


DRAIN CURRENT (Ip) 


92CS-37043 


-37044 


gecs 


-source on resistance as a function of 


source voltage. 


to- 


Capacitance as a function of drain 


Fig. 7 


to 


Typical drain- 


Fig. 6 


drain current. 
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Vos 7!0V 
PULSE TEST 


PULSE DURATION = 80 pS 
DUTY CYCLE $<2% 
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DRAIN CURRENT (Ip) —A 
92CS- 37046 


Fig. 8 - Typical forward transconductance as a function of 
drain current. 
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Features 

e -12A, -100V 

* TDS(on) = 0.382 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6897 is a P-channel enhancement-mode silicon-gate power 


MOS field-effect transistor designed for applications 


switching regulators, switching converters, motor drivers, relay 


2N6897 


P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Package 


TO-204AA 
BOTTOM VIEW 


Terminal Diagram 
such as 


P-CHANNEL ENHANCEMENT MODE 


drivers, and drivers for high-power bipolar switching transistors 


requiring high speed and low gate-drive power. This device can be 


operated directly from an integrated circuit. 


The 2N6897 is supplied in the JEDEC TO-204AA metal 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Rgs = 1M) 
Continuous Drain Current 

RMS Continuous 

Pulsed Drain Current 
Gate-Source Voltage 
Maximum Power Dissipation 

TC FAS° Gs os ae sb pdiwnewc otce ks wae cea nes wenn deeour tess 

Above Tc = +259C, Derate Linearly ............ cee e eee eee 
Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering ............eeeeeeees 

(At distances > ¥%” (3.17mm) from seating plane for 10s max) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. 
Copyright © Harris Corporation 1991 


D 
package. 
G 
S 
2N6897 UNITS 
.-. Vpss ~100* Vv 
--» VDGR -100* V 
re arals ID -12* A 
Seana IDM -30* A 
wave VES +20* V 
re Pp 100* © WwW 
stealer sacle 0.8* W/°C 
Ty, TSTG ~55 to +150* oC 
eee TL 260* oC 
handling procedures should be followed. File Number 1 87 5 
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ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


Cc 
= 
= 
” 


| CHARACTERISTIC | TEST CONDITIONS ee 


Drain-Source Breakdown Voltage BVoss lb = 1mMA, Ves = 0 - 
Gate Threshold Voltage Vas(th) Vas = Vos, Ip = 0.25 mA 


Zero Gate Voltage Drain Current loss Vos = -80 V 
Tc = 125°C, Vos = -80 V 


Drain-Source On Voltage Vps(on)& Ib = 7.6 A, Vas = -10 V 
Tc = 125°C, Ip = 7.6 A, Vas = 10 V 


Forward Transconductance Gis Vos =-10 V, ln =7.6A 


Input Capacitance Ciss Vos = -25 V 


Output Capacitance Coss Ves = OV 
Reverse Transfer Capacitance Cras f = 0.1 MHz 


Vos = -50V 


— 
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© 
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od Kee) 
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BE 
oO 
oO 


*| Rise Time tr lDb=7.6A | — |175] ns 
*!| Turn-Off Delay Time ta(off) Rogen = Rgs = 152 | — | 275 | 
*| Fall Time tr Ves = -10 V | — | 175 | 


ao eemu 


Rgsc 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS Tin Tita 


[Diode Forward Voltage Vso | sts = 12A 0B | 1.6 | 
Ip = 4A, dir/dt = 100 A/us 
*In accordance with JEDEC registration data. 

€@Pulsed: Pulse duration = 300 ws max., duty cycle = 2% 


hist seh (CURVES MUST BE DERATED 
naa: «LINEARLY WITH INCREASE 
| IN TEMPERATURE) | 
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Fig. 1 - Maximum safe operating areas. 
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2N6897 
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92CS-40720 “92CS- 40724 
Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage asa 


function of junction temperature. 


Tp'7.6A 
V6s710V 


Vpsz!0 V 

241 PULSE TEST 
PULSE DURATION = 80 1S 
DUTY CYCLE $2% 
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Fig. 4 - Typical normalized drain-to-source on resistance to Fig. 5 - Typical transfer characteristics. 


junction temperature. 
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DRAIN-TO-SOURCE ON RESISTANCE 


10 20 30 40 50 60 70 
DRAIN.CURRENT(Ip)—A DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS~371I1 : 92CS-37112 
Fig. 6 - Typical drain-to-source on resistance as a function of Fig. 7 - Capacitance as a function of drain-to-source voltage. 


. drain current. 
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DRAIN CURRENT (Ip)—-A 


92CS-37113 


Fig. 8 - Typical forward transconductance as a function of 


drain current. 
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@ HARRIS  2N6898 


P-Channel Enhancement-Mode 


August 1991 — - Power MOS Field-Effect Transistors 
Features | Package 
a ; . TO-204AE 
25A, -100V BOTTOM VIEW 
* 'DS(on) = 0.202 
. . ° . . . wader 
e SOA is Power-Dissipation Limited SOURCE J (FLANGE) 


e Nanosecond Switching Speeds 
¢ Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6898 is a P-channel enhancement-mode silicon-gate power | Termina/ Diagram 
MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay P-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This device can be D 


operated directly from an integrated circuit. 
The 2N6898 is supplied in the JEDEC TO-204AE steel package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6898 UNITS 

Drain-Source Voltage .......cscccccccccccsccesccccesecececcenss Vpss ~ =100* V 
Drain-Gate Voltage (RGS = IMD) .... cee cece eee cette wees VDGR -100* Vv 
Continuous Drain Current 

RMS Continuous ..............04 re ee ee ee re Ip =—25" A 

Pulsed Drain CUITeNh 5:6 vs iwtin set irealead GG nd Sa dalea eels pea eae ees IDM -60* A 
Gale=Source Vonage can isc dks Scie GN see ewen ene tebe ee eee ecweuts Vas +20* V 
Maximum Power Dissipation 

TG SOOO sc Aaa WER GE op EAC EO NU Re Er nese Kerns Pp 150* WwW 

Above Tc = +259C, Derate Linearly .......... cc eee ce eee e cece renee 1.2° W/°C 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering .........ccsceeseseceeecees TL 260* oC 

_ (At distances > ¥%.” (3.17mm) from seating plane for 10s max) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. . File Number 1 876 


Copyright © Harris Corporation 1991 
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ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS eal i UNITS 


Drain-Source Breakdown Voltage BVpss lb = 1 MA, Vas = 0 
Gate Threshold Voltage Vas(th) Vas = Vos, Ip = 0.25 mA 


Zero Gate Voltage Drain Current loss Vos = -80 V 
| To = 125°C, Vos = -80 V 


Gate-Source Leakage Current lass Vas = £20 V, Vos = 0 


Ip = 25 A, Ves =-10V 
Te = 125°C, lp = 15.8 A, Ves =10V 


Vos = -25V 

_ Vas = 0V 

f= 0.1 MHz 

Vos = -50V 

l= 12.5 

Ragen = Ras = 50.0 

Ves = -10V 

[Thermal Resistance Junction-to-Case—~Rge | SSs—~—S 8 


al 
: 


* 


* 
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* 


* 


ie) 
(o) 
Oo 
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TC 
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* 


* 


* 


* 


* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS aah 


Diode Forward Voltage Vsp@ Isn = 25A 0.8 | 1. 
Reverse Recovery Time tr l= 4A, dir/dt = 100 A/ys | — | 


* 


_ 
fo>) 


POWER MOSFETs 


*In accordance with JEDEC registration data. 
€@Pulsed: Pulse duration = 300 us max., duty cycle = 2% 


RSE ES CASE TEMPERATURE (Tc )= 25°C 
LINEARLY WITH INCREAS 
IN TEMPERATURE) 


8 


ceeee sewer. 
gtesst Saas: 


peeee eat 
# $333833 
P He 
Bieter seat eats 


DRAIN CURRENT (Ip)—A 
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eee oss Hitt 
Raat CE ETT 
MAN SUOGSDOSWITINGE BOGE HH Ett HHH Hitt Beeed euat eeu 
2 4 6 8 2 4 6 8 2 4 6 8 


1 10 100 1000 
DRAIN -TO-SOURCE VOLTAGE (Vps)— V . 
92CM- 40695 


Fig. 1 - Maximum safe operating areas. 
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POWER DISSIPATION (P7)-W 
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CASE TEMPERATURE ite °c 92CS~-37231 JUNCTION TEMPERATURE (Ty )—-°Cc _ 92€$-40715 


Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 


Vosz -10V Vos F-!10V 


PULSE TEST 
PULSE DURATION = 80yps 
DUTY CYCLE< 2% 


nN 


RESISTANCE Cryg lon] 
r 


NORMALIZED DRAIN—TO-SOURCE ON 


ON- STATE-DRAIN CURRENT [Ip (on))-A 


ase BREED 6270NES T 

: BREE E EEE ere 
JUNCTION TEMPERATURE (T, °C 92cs-aorig | OF elo Soe eae oe ee ae a ee IO 

Fig. 4 - Typical normalized drain-to-source on resistance to PONG Mormon ny noewee Nees Caaugnne 


junction temperature. : ; wane 
/ P Fig. 5 - Typical transfer characteristics. 
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PULSE TEST 


PULSE DURATION #80us 
DUTY CYCLE <2% 
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Fig. 6 - Typical drain-to-source on resistance as a function of DRAIN-TO-SOURCE VOLTAGE (Vps)-V 
drain current. 92CS-37247 


Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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©] Vgg2-l0V 
PULSE TEST 


14] PULSE DURATION#60ys 1 
DUTY CYCLE <2% HH 
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Fig. 9 - Switching time test circuit. 
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ORAIN-TO-SOURCE CURRENT ( Ip )-A 
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Fig. 8 - Typical forward transconductance as a function of 


drain current. 
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IRF9130, IRF9131 
IRF91 32, IRF9133 


Aaidnate Energy Rated 


Features 

° -10A and -12A, -GOV and -100V 
* TDS(ON) = 9.302 and 0.400 

e Single Pulse Avalanche Energy Rated 
© SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

¢ Linear Transfer Characteristics 


e High Input Impedance 


Description 
The IRF9130, IRF9131, IRF9132 and IRF9133 are advanced 


P-Channel Power MOSFETs 


Package 


TO-204AA 
BOTTOM VIEW 


Terminal Diagram 


power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel Ss 
package. 
Absolute Maximum Ratings (Tc = 259C) Unless Otherwise Specified 
IRF9130 IRF9131 IRF9132 IRF9133 UNITS 
Drain-Source Voltage (1) ........ cece cece eect eee Vos -100 -60 -100 -60 V 
Drain-Gate Voltage (R@s = 20k) (1)........... eee VDGR -100 -60 -100 -60 V 
Continuous Drain Current 
T= 20° Ci ar ces aiweteieieueslees Cegiueietesme weds ID -12 -12 -10 -10 A 
T= 1000S fais looks 5 sarin Cae ew hahedeugaceteess Ip -7.5 ~7.5 -6.5 -6.5 A 
Pulsed Drain Current (3) ........ cc ccc cece cece ee cceneee IDM -48 ~48 -40 -40 A 
Gate-Source Voltage ....... cece eee cece cect ee eeeees Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ............ecec cee eeeneees Pp 75 75 75 75 W 
(Seé Figure 14) - . 
Linear Derating Factor :c.c.cccscci des veeestasee eee seseens 0.6 0.6 0.6 0.6 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)...........200e- Eas 500 500 500 ~ 500 mJ 
Operating and Storage Junction ...............008. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 OC 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Vop = 25V, Start Ty = 


(See Figures 15 and 16) 


+25°C, L = 5.2mH, Rg = 250, Peak I = 12A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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File Number 
5-34 


Specifications IRF9130, IRF9131, IRF9132, IRF9133 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC. SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage .| BVpss | VGs=OV, Ip =-250pA ae ae 
-100 V 


IRF9130, IRF9132 


IRF9131, IRF9133 [ca (oe (Ee 
Vos = VGs, Ip =-250nA | -20 | - | -40 | Vv | 


[Gate-SourceLeakageFowvard | lass |Vag=-20V. SCS P| 100] 


Gate-Source Leakage Reverse Iass_ | Vasg=20V | = [| - [100 [| nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV | - | - | -250 | pA | 
Vps = Max Rating x 0.8, Vas = OV, 

To = +1250C : 


On-State Drain Current (Note 2) 
IRF9130, IRF9131 
IRF9132, IRF9133 


Static Drain-Source On-State TDS(ON) | VG@S =~10V, Ip = -6.5A 
Resistance (Note 2) 
IRF9130, IRF9131 0.30 


IRF9132, IRF9133 


Vos >ID(ON)X"DS(ON)Max!p=-85A_ | 2 | 37 | - | S(O) | 
Vas = OV, Vps = ~25V, f= 1.0MHz eS Ee ee 
Peete ar | = | 300 | =F 
Vpp =0.5 BYpss; Ip = -6.5A, Zo = 509 


Rise Time See Figure 17.(MOSFET switching times 


- are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature.) 
t 


Fall Time 


| 
Total Gate Charge 
(Gate-Source + Gate-Drain) 
Gate-Source Charge | Qgs | 
Lp 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance Measured between Modified MOSFET 
contact screw on symbol showing the 
header thatis closer | internal device 
to source & gate inductances. 
pins & center of die. 


ae 
eet = 
Pao 
Le 
a] Est 4 
Leo as 
Ls Measured from the 12.5 

source pin, 6mm 

(0.25") from header&| G 

source bonding pad. o 

oS 

ee! ae 
eas 
fd 


ID(ON) | YDS > !D(ON) X (DS(ON) Max, Vag = -10V 


Mall ic 


3 
O 


Vas =-10V, Ip =-15A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


3/5 
O,O 


Internal Source Inductance 


6 
ye) ate PERE 


Case-to-Sink Rocs__ | Mounting surface flat, smooth and greased 


Junction-to-Ambient RoJA | Typical socket mount 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


To = +2596, Is =-12A, Vag = OV 
Ty = +1500C, Ir = 12A, dif/dt = 100A/us 
Reverse Recovered Charge | QraR | Ty=+1509C, Ip =-12A, dif/dt = 100A/ps 


Forward Turn-on Time ton Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


{e) 
Q) 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 
?) 


a 
on 


— 
© 


NOTES: 1. Ty = +259C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 5.2mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak lL = 12A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9130, IRF9131, IRF9132, IRF9133 


80 yS PULSE TEST 
Vos > 'p(on) * RDS(on) max.” 
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92CS-43288 92CS-43289 
Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43290 92CS-43321 
Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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IRF9130, IRF9137, IRF9132, IRF9133 
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Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Ip, ORAIN CURRENT (AMPERES) 
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Fig. 7 - Typical Source-Drain Diode Forward Voltage 


Fig. 6 - Typical Transconductance Vs. Drain Current 
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Fig. 9 - Normalized On-Resistance Vs. Temperature 


Fig. 8 - Breakdown Voltage Vs. Temperature 
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Qg, TOTAL GATE CHARGE (nC) 
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Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 
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IRF9130, IRF9131, IRF9132, IRF9133 
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Rps(on) MEASURED WITH CURRENT PULSE OF 2.0 »S 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 pS PULSE IS MINIMAL) 
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Fig. 12 - Typical On-Resistance Vs. Drain Current 
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Fig. 14 - Power Vs. Temperature Derating Curve 
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Fig. 17 - Switching Time Test Circuit 
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Fig. 13 - Maximum Drain Current Vs. Case Temperature 
Vos 
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Fig. 15 - Unclamped Inductive Test Circuit 
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Fig. 16 - Unclamped Inductive Waveforms 
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Fig. 18 - Gate Charge Test Circuit 
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IRF9140, IRF9141 
IRF9142, IRF9143 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Features Package 
TO-204AA 
e -19A and -15A, -60V and -100V BOTTOM VIEW 
* TDS(ON) = 9.202 and 0.302 
DRAIN 
¢ Single Pulse Avalanche Energy Rated SOURCE / (FLANGE) 


¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance GATE 


Description 


The IRF9140, IRF9141, IRF9142 and IRF9143 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


switching converters, motor drivers, relay drivers, and drivers 2 
for high-power bipolar switching transistors requiring high G a 
speed and low gate-drive power. These types can be operated = rs 
directly from integrated circuits. = = 
The IRF types are supplied in the JEDEC TO-204AA steel S a = 
package. | ae 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9140 IRF9141 IRF9142 IRF9143 UNITS 
Drain-Source Voltage (1) ...... cece cece cece esc eeeces Vos -100 -60 -100 -60 V 
Drain-Gate Voltage (RG@S = 20K2) (1)... .. eee eee VDGR -100 -60 -100 -60 V 
Continuous Drain Current . 
TGS 282 tae arid iad boners Seabee ies Sewn eee ee ete sans Ip -19 -19 -15 -15 A 
TGS 00PC nadine ivawdowetnudaaees Panewad nies Ip -12 ~12 -10 -10 A 
Pulsed Drain Current{(S) i sacavecsccce eet cones eiie bee ss IDM ~76 ~76 -60 -60 A 
Gate-Source Voltage 2.0... ccc cece eee e cece eee nenees VGs +20 +20 +20 +20 V 
Maximum Power Dissipation .........cecceseeceeceeee .-Pp 125 125 125 125 W 
(See Figure 14) 
Linear Derating Factor....... cc cc ccc ce ccc cceccncrccecees 1 1 1 1 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............6.6. Eas 960 960 960 960 mJ 
Operating and Storage Junction ...... 2. cece eens TJ,TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............06. TL 300 300 300 300 OC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


4. Vop = 25V, Start Ty = +25°9C, L = 4mH, Re = 252, Peak IL = 19A 
(See Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


File Number 2278 
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Specifications IRF9140, IRF9141, IRF9142, IRF9143 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


| | LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss | Vas = OV, Ip = -250pA arr 
-100 


IRF9140, IRF9142 
IRF9141, IRF9143 


< 


Gate Threshold Voltage Vescu) | VpDsS=Vas; Ip =-250nA | -4.0 | 
Gate-Source Leakage Forward Iess_ |Vq@s=-20V 


nA 
nA 


Gate-Source Leakage Reverse Iess_ |Vq@s=20v | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Ves = OV | -250 | 


-1000 


‘Vps = Max Rating x 0.8, Vgs = OV, 
To =+12509C 


Vps > ID(ON) X DS(ON) Max, Vgs = -10V 


On-State Drain Current (Note 2) | 
IRF9140, IRF9141 
IRF9142, IRF9143 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9140, IRF9141 


IRF9142, IRF9143 


Forward Transconductance (Note 2) Ofs Vps > ID(ON) X "DS(ON) Max: !p = -10A 


ID(ON) 


DS(ON) | VGS =-10V, Ip = -10A 


oO 
— 
oO 


! 
, 
ice] 

ead 

cok . 

o| “ 

oO 


Input Capacitance ISS Vas = OV, Vps = -25V, f = 1.0MHz 
Output Capacitance See Figure 10 550 p 
Reverse Transfer Capacitance 250 p 
Turn-On Delay Time Vpp =0.5 BVpss; Ip = -19A, Rg = 9.19 | 16 | 

sale healt 5 

- f are essentially independent of operating 
| Turn-Off Delay Time temperature.) 70 

Fall Time tf | 28 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 


VGS =-10V, Ip = -19A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 
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Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured between n 
contact screw on 
header that is closer 
to source & gate 


pins & center of die. 
Measured from the 
source pin, 6mm 

(0.25”) from header& | G 
source bonding pad. 


Internal Drain Inductance 


| 
oO 
ok (o) 
(Fe) pa [o) ? 
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12.5, 


Internal Source Inductance 


rm 
n” 
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Mounting surface flat, smooth and greased 


Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 4 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


ay 
nr 


—_ 


R@JA 


5 
—_ 
fe) 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


“ 
o) 
I 
NJ 
0) 


ISM 


Diode Forward Voltage (Note 2) Tc = +259C, Ig =-19A, Vag = OV -1.5 
Reverse Recovery Time Ty = +1500C, Ir = 19A, dif/dt = 100A/ps ic 
Reverse Recovered Charge | QRR_ | Ty=+150°C, Ip =-19A, diF/dt = 100A/us ee a 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C ' 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 4mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25, Peak IL = 19A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Ip, DRAIN CURRENT (AMPERES) 


Zinc (t)/ Ringe. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Ip. ORAIN CURRENT (AMPERES) 


IRF9140, IRF9141, IRF9142, IRF9143 
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Fig. 1 - Typical output characteristics. 


80 ys PULSE TEST 
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Fig. 3 - Typical saturation characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 
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2 


1. DUTY FACTOR, 0 = it 

2. PER UNIT BASE = Rynyc = 1.0 EG. CW. 
3. Tym - Te = Pom Zenscltl. 

5 gl E 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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P-CHANNEL 
POWER MOSFETs 


IRF9140, IRF9141, IRF9142, IRF9143 


Vos. 2 !p(on) * RoS(on)max. 


gf, TRANSCONDUCTANCE (SIEMENS) 


0 -20 -40 -60 -80 -100 
Ip, ORAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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BVpsg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage vs. temperature. 
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C, CAPACITANCE (pF) 


Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


NEGATIVE Ipp, REVERSE DRAIN CURRENT 
(AMPERES) 


92GS-44167 
Fig. 7 - Typical source-drain diode forward voltage. 


(NORMALIZED) 
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Ty, JUNCTION TEMPERATURE (°C) 


RDS(on}. ORAIN-TO-SOURCE ON RESISTANCE 


- 


-4 
Fig. 9 - Normalized on-resistance vs. temperature. 


Ip = -24A 


FOR TEST CIRCUIT 
SEE FIGURE 18 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qy, TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRF9140, IRF9141, IRF9142, IRF9143 
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(HEATING EFFECT OF § ys PULSE IS MINIMAL.) 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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P-CHANNEL 
POWER MOSFETs 


Fig. 15 - Unclamped inductive test circuit. 


BVpss 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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Features | 

e -25A, -60V and -100V 

° TDS(ON) = 0.1502 

e Single Pulse Avalanche Energy Rated 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF9150 and IRF9151 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The P-channel IRF9150 is an approximate electrical 
complement to the N-channel IRF9150. 


The IRF types are supplied in the JEDEC TO-204AE metal 
package. 


IRF91350 
IRF9151 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 
TO-204AE 
BOTTOM VIEW 
DRAIN 


GATE 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


Drain-Source Voltage .........eseeeeeees ee ee red eee eee 


Continuous Drain Current 


Gate-Source Voltage: ascii oo scene bt Sai deus ie eu dbade eens 
Maximum Power Dissipation ......... 0.0 cceeecececeeeenees Cert 


(See Figure 18) 


Linear. Derating Factor. hw. cess Scnienees we tnewar Gs bce cae rela Oe 
Single Pulse Avalanche Energy Rating (3). .......cesceesceccccesenees 


(See Figure 14) 


Avalanche Current (Repetitive or Nonrepetitive)...... 0... cece cece enone 
Operating and Storage JUNCTION ... 0... eee cece c cece cence ere eeens 


Temperature Range 


Maximum Lead Temperature for Soldering ........cceccceccenesccsens 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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D 
G 
s 
IRF9150 IRF9151 UNITS 
eeeece Vps -100 -60 V 
dene Ip -25 ~25 A 
eee Ip -18 ~18 A 
neta IDM ~100 -100 A 
Saree Ves +20 +20 V 
alien Pp 150 150 Ww 
oouiause: 1.2 1.2 w/9C 
eaten Eas 1300 1300 mJ 
“cou lAR -25 -25 A 
..1J,TSTG  -55to+150 -55to+150 oC 
errr Th 300 300 oC 


3. Vop = 25V, Start Ty = +25°C, L = 3.2mhy, Rg = 25N, Peak I, = 19A 
(See Figures 14 and 15) 


2280 


File Number | 


Specifications IRF9150, IRF9157 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss__ | Vas= OV, Ip = -250pnA 
IRF9150 


IRFO1S1 7-80 eeael 
Gate Threshold Voltage Vesrty) | Vps = Ves; Ip =-250pA -2.0 | -4.0 | 
Gate-Source Leakage Forward lass |Vq@g=-20V ) = nA 


Gate-Source Leakage Reverse lass Vas = 20V 


Zero Gate Voltage Drain Current Ipss__|Vps = Max Rating, V@s = OV 


Vps = Max Rating x 0.8, Vgg = OV, 
To =+1259C 


Forward Transconductance (Note 1) | gts | Vps =-10V, Ip = -12.5A 


Static Drain-Source On-State 'DS(ON) | V@2S =~10V, Ip =-10A 0.15 
Resistance (Note 1) 
a ae 
Input Capacitance Ciss__| Vas = OV, Vps = -25V, f= 1.0MHz 2400 | - | pF 
oss, .." | 850 | - | pF 
Reverse Transfer Capacitance Crss | = | 400 [| - | pF 
Turn-On Delay Time td(ON Vpp = -50V, Ip = -25A, Rg = 6.82, 
Rise Time t Rp = 22. See Figures 16 and 17. 110 160 
IMOSFERE Witching umes aro eccontaly Oe 
Turn-Off Delay Time td(OFF) | independent of operating temperature.) | - | 65 | 100 | ns | 
Fall Time =f 46 70 | _ns_| 
Total Gate Charge VGS =-10V, Ip = -25A, Vps = 0.8 Max 82 120 nc 
(Gate-Source + Gate-Drain) Rating. See Figures 11 & 19 for test circuit. 
Gate-Source Charade (Gate charge is essentially independent of 14 nG 
fee Chere PE OGS Noein empe ie) ee ee oe 
Gate-Drain (“Miller”) Charge ee oe 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 


Measured from the 
source pin, 6mm 

(0.25") from header& | G 
source bonding pad. v 


| Qgd | 
Internal Drain Inductance _ 
Internal Source Inductance yl 


Lp 

Ls 
Case-to-Sink Recs __ | Mounting surface flat, smooth and greased 
Junction-to-Ambient Raya | Free Air Operation 

Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


NOTES: 1. Pulse Test: Pulse width < 300ys, 2. Repetitive Rating: Pulse width limited by max. 3. Vpp = 25V, Start Ty = +25°C, L = 3.2mhy, 
Duty Cycle < 2% junction temperature. See Transient Thermal Re = 252, Peak IL = 25A (See Figures 14 
Impedance Curve (Figure 5) and 15) 
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P-CHANNEL 
POWER MOSFETs 


IRF97150, IRF97157 
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Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 
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Fig. 3- Typical saturation characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance. 
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IRF9150, IRF915171 
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25degC 
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Fig. 7 - Typical source-drain diode forward voltage. 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 9 - Normalized on-resistance vs. temperature. 


BVDIRFS150CF1 


Fig. 8 - Normalized breakdown voltage vs. temperature. 
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Fig. 11 - Typical gate charge vs. gate-to source voltage. 


Fig. 10 - Typical capacitance vs. drain-to source voltage. 


5-47 


IRF9150, IRF9151 


Vgs=-10V Vgs=-20V 


DRAIN CURRENT (Id)-A 


ON RESISTANCE [Rds(on)]—milliOHMS- 


-20 -40 ~60 -80 ~100 
DRAIN CURRENT (d)-AMPERES CASE TEMPERATURE (Tc)-degC 
RESIRFSI50CF1 IDIRF9250CF1 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 14 - Unclamped inductive test circuit. Fig. 15 - Unclamped inductive waveforms. 
PULSE WIDTH 
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Fig. 16 - Switching time test circuit. | | Fig. 17 - Switching time waveforms. 
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POWER DISSIPATION (Pd)-WATTS 


IRF97150, IRF9157 
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Fig. 18 - Power vs. temperature derating curve. 
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Fig. 19 - Gate charge test circuit. 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


IRF9230, IRF9231 
IRF9232, IRF9233 


Avalanche Energy Rated 


| HARRIS 


August 1991 | P-Channel Power MOSFETs 
Features | Package 
TO-204AA 
e -5.5A and -6.5A, -150V and -200V BOTTOM VIEW 
° YDS(ON) = 0.800 and 1.20 
° Single Pulse Avalanche E Rated SOURCE DEAN 
ingie Pulse Avaiancne Energy nate Lf (FLANGE) 


¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance GATE 


pestipuen Terminal Diagram 

The IRF9230, IRF9231, IRF9232 and IRF9233 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy-‘in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel Ss 
package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9230 IRF9231 IRF9232 IRF9233 UNITS 
Drain-Source Voltage (1) ...... 2c cee cece eenteeceseees VOS -200 -150 -200 -150 V 
Drain-Gate Voltage (RGS = 20k) (1)............ 000. VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
TOS 209 OG wate chccva cie tent tates s vaauaaebenes +i Ip - -6.5 -6.5 ~5.5 -5.5 A 
TO = 100°C: scciseetetis cateieetesawewecs ates wens lp ~4.0 ~4.0 -3.5 -3.5 A 
Pulsed Drain Current (3) ....... cece cece cc cc cn cceenees IDM -26 -26 - -22 -22 A 
Gate-Source Voltage ......... cece cece ee ee eee eeeeee V6és +20 +20 +20 +20 V 
Maximum Power Dissipation ........... cece eee ne ceeeee Pp 75 75 75 75 W 
(See Figure 14) . 
Linear Derating Factor.........cccccececcececcesccceveces 0.6 0.6 0.6 0.6 W/9G 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4).........cee00. Eas 500 500 500 500 mJ 
Operating and Storage Junction ..........ccceceee TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 OC 
Temperature Range 
Maximum Lead Temperature for Soldering ............0+- TL 300 300 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = 50V, Start Ty = +25°C, L = 17.75mH, Rg = 25N, Peak IL = 6.5A 


2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% Say Uieert? ane) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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Specifications IRF9230, IRF9231, IRF9232, IRF9233 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = -250pA 
IRF9230, IRF9232 


IRF9231, IRF9233 1-150 | - | - [| Vi 
Vos = Ves, Ip = 25000 P-20 | - | -40 | v_| 
[Gate-SourceLeakageFoward | lass |Vas=-20V SCS = | | 100] 
ics 


Zero Gate Voltage Drain Current lpss Vps = Max Rating, Ves = OV 


Vps = Max Rating x 0.8, Vas = OV, 
To =+1259C 


VDS > ID(ON) X (DS(ON) Max, Vgg = -10V 


On-State Drain Current (Note 2) 
IRF9230, IRF9231 
IRF9232, IRF9233 


Static Drain-Source On-State TDS(ON) 
Resistance (Note 2) 
IRF9230, IRF9231 


IRF9232, IRF9233 


ID(ON) 


VGS = -10V, Ip =-3.5A 


oO 
oO 


4 ¢ 
on 


Y On 
to a 


Forward Transconductance (Note 2) Vps > IDION) X (DS(ON) Max !p = 73.54 Pee al 
Input Capacitance GS = OV, Vps = -25V, f = 1.0MHz | =) 6 | 65500 6 [ h- |OpF CO 


V 
Output Capacitance See Figure 10 


Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (“Miller’) Charge 
Internal Drain Inductance 


Vpp =0.5 BVpss, Ip = -6.5A, Rg = 50 


See Figure 17.(MOSFET switching times 100 — 
are essentially independent of operating ae ee ee oe 
temperature.) | - | 50 {| 100 | ns | 


alo 
a BIS |= 
= ep) 

MI |? 


td(OFF 


Creal 


5 
QO 


Vas =-10V, Ip =-6.5A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


3/5 
OO 


Measured between Modified MOSFET 
contact screw on symbol showing the 
header thatiscloser | internal device 

to source & gate inductances. 

pins & center of die. 


ae 
¥ 
Measured from the 
source pin, 6mm a 
eee 


0 


internal Source Inductance 


(0.25") from header&] G&G 
source bonding pad. a 


=) pe) 


Junction-to-Case 
Mounting surface flat, smooth and greased 
Junction-to-Ambient RouA Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Di D0 
Be a 
cn iO 


Diode Forward Voltage (Note 2) Vsp To =+25°C, Ig = -6.5A, Vag = OV 


Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


Ty = +150°C, Ip =~6.5A, dip/dt = 100A/us 
Ty = +1509C, Ip = -6.5A, dif/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on . 
speed is substantially controlled by Ls +Lp. 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 5OV, Start Ty = +25°C, L = 17.75mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Re = 25, Peak IL = 6.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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POWER MOSFETs 


IRF9230, IRF9231, IRF9232, IRF9233 


W 


80 us PULSE TEST 
Vos > !p(on) * Rps(on)MAX. 


AE 


ip, DRAIN CURRENT (AMPERES) 


RST 
TATA 
ToS 


n 
Ww 
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WwW 
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= 
- 
= 
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«c 
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= 
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=" +} + 
O -10 -20 -30 —40 —50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43308 92CS-43309 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


OPERATION IN THIS 
7 AREA IS LIMITED 
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Ip, ORAIN CURRENT (AMPERES) 


CTT Test Pee) 
- ~ = = a 4 68 4 6 8 
" ' : . sod -1.0 -10 166 -1000 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43310 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92GS-44027 


- Fig. 3- Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


as m= 
= tt = é 


Zgucit), NORMALIZED 
EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


0.05 Sree iam = A a a Bee Beenie dais aye 
= 1.67 DEG. C/W. 
-Tym-Tc 
= Pom: Zgucit) > R@uc 


ty}, SQUARE WAVE PULSE DURATION (SECONDS) 
92CM- 43302 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF9230, IRF9231, IRF9232, IRF9233 


80 pS PULSE TEST 
Vos > !p(on) * Ros(on) max. 


Ty= 


ies 
tyss8e = 
Ty =.25°C 
aa 


TILT 
TUL LRH 
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IDR, 


—-0.4 -06 -0.8 -1.0 <-1.2 —-1.4 -1.6 -1.8 


Ip. DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92CS-43270 
92CS-43312 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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-40 co] 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
92CS-43294 92CS-43313 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ip=—-8A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Criss = Cgq 
eon 
oss ds Cgs + Cga 
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Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


92CS-43314 


92CS-43315 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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P-CHANNEL 
POWER MOSFETs 


IRF9230, IRF9231, IRF9232, IRF9233 


Rps(on) MEASURED WITH CURRENT PULSE OF 2.0 pS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 pS PULSE IS MINIMAL) 


uy) 
) 
« 
> 
re) 
% 
re) 
be 
= 
< 
4 
ra 
c 
2 
”n 
) 
3 


ON RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (AMPERES) 
92CS-43316 


Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 


.¢) 20 40 60 80 100 120 140 160 180 200 
Tc, CASE TEMPERATURE (°C) 


92CS-43305 


Fig. 14 - Power vs. temperature derating curve. 


ADJUST RL 
TO OBTAIN 
SPECIFIED Ip 


PULSE Vj 


TO SCOPE 


0.01.2 
HIGH FREQUENCY 
SHUNT 


potccccncn 


92CS-43322 


Fig. 17 - Switching time test circuit. 
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Tc, CASE TEMPERATURE (°C) 


92GS:44028 


Fig. 13 - Maximum drain current vs. case temperature. 


ove 


Vgs=—10V 


— 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


Ig Ip 
CURRENT CURRENT 
SAMPLING SAMPLING 


RESISTOR RESISTOR 
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O (ISOLATED 
SUPPLY) 


92CS-43323 


Fig. 18 - Gate charge test circuit. 


it HARRIS 


August 1991 


IRF9240, IRF9241 
IRF9242, IRF9243 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

e -9A and -11A, -150V and -200V 

* TDS(ON) = 9.502 and 0.72 

e Single Pulse Avalanche Energy Rated 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRF9240, IRF9241, IRF9242 and IRF9243 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 


Package 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE (FLANGE) 


GATE 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as_ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 2 
for high-power bipolar switching transistors requiring high G at ti 
speed and low gate-drive power. These types can be operated = 2 
directly from integrated circuits. = = 
oc 
The IRF types are supplied in the JEDEC TO-204AA steel S aS 
package. = 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRF9240 IRF9241 IRF9242 IRF9243 UNITS 

Drain-Source Voltage (1) 2... cc ccc ec e cnc cc ccc cneces Vpos -200 -150 -200 -150 V 
Drain-Gate Voitage (RGS = 20K) (1)....... cee ee eee VDGR -200 -150 -200 ~150 V 
Continuous Drain Current 

TO oC csc ncaesicee or iwnse ont ese eee rae Ip -11 -11 -9 -9 A 

TE = 1009C 25.26 aco cies en waar evadeuen emacs Ip -7 -7 -6 -6 A 
Pulsed Drain Curent (S) ss. ei csavscncen cs bese wch weneees IDM -44 -44 -36 -36 A 
Gate-Source Voltage ssc oc she ie ces dees wince es Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ........... ce cee cece eewees Pp 125 125 125 125 W 

(See Figure 14) 
Linear Derating Factor.....cccecssccccccsnccccasnvescsces 1 1 1 1 W/9C 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............56. Eas 790 790 790 790 mJ 
Operating and Storage Junction ..............000. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 Te} 

Temperature Range 

Maximum Lead Temperature for Soldering .............+-. Th 300 300 300 300 °C 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Vop = 50V, Start Ty = +25°C, L = 9.8mH, Rg = 25Q, Peak || = 11A 
(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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Specifications IRF9240, IRF9241, IRF9242, IRF9243 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


| 
CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | VGs= O”V, Ip = -250nA 
IRF9240, IRF9242 , 


iRFO2ET, IAFO2A3 Oe ae a 
Vos = Vas, 1p =~2500A [20 | - | 40 |v 
[Gaie-SourceLsakageFoward | lass |Ves=-20v_———SC—S = | ‘| 10+ 


Gate-Source Leakage Reverse Iess |Vasg=20V 


Zero Gate Voltage Drain Current 


ran ee ee ee 
inss | Vos = Max Rating, Vag = OV ee ee oe 
Vps = Max Rating x 0.8, Vas = OV, -1000 LA 
To =+1250C 
ID(ON) | YDS > ID(ON) X "DS(ON) Max, Vag =-10V 
GS 
~11 A 


| 9 | - | = | A 
VGs = 10V, Ip =-6A 
| beta) a 


[= [oss | o7 [| a _ 
a] 6 | - | sor 


On-State Drain Current (Note 2) 
IRF9240, IRF9241 
IRF9242, IRF9243 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9240, IRF9241 


IRF9242, IRF9243 


a 
; 
ta(OFF 
i 


DS(ON) 


Yn<j< 


DS > D(ON) X DS(ON) Max !p = -6A 
GS = OV, Vps = -25V, f = 1.0MHz 
ee Figure 10 


© 
7) 
7) 


Vpp =100 BVpss, Ip = -11A, Rg = 9.12 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Total Gate Charge Vas =-10V, Ip =-11A, Vps = 0.8 Max 70 n 

(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge : (Gate charge is essentially independent of n 
Social tapereire) (ee a ve 

Gate-Drain (“Miller”) Charge | 15 Ff - Jon 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Internal Drain Inductance Measured between 
contact screw on 
header that is closer 
to source & gate 


pins & center of die. 
Measured from the 
source pin, 6mm 

(0.25”) from header&] G 
source bonding pad. O 


Internal Source Inductance 


io) 


=} 


BOCs We 
Mounting surface flat, smooth and greased 


ReJA | Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
s 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


BS 


pe 


Z ' : £1919 
ro) o fQ O 
no 210 18 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Ei 


ISM 


Diode Forward Voltage (Note 2) To = +259C, Ig =-11A, Vag = OV 
Reverse Recovery Time Ty = +1509C, Ip =-11A, dlF/dt = 100A/us 270 | - | 
Reverse Recovered Charge | QrR_ | Ty=+150°C, Ip =-11A, diF/dt = 100A/us | 2 | = | uc 
Forward Turn-on Time tOoN Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 
NOTES: 1. Ty = +25°C to +1 50°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°9C, L = 9.8mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25N, Peak | = 11A (See Figures 15 


Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Zthyclt/ Rinse. NORMALIZED EFFECTIVE TRANSIENT 
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IRF9240, IRF92417, IRF9242, IRF9243 


B0 us PULSE TEST at} | 


anes 
ae 2a 
yeas 


— 
80 us PULSE TEST —— 


Vos. #!Dion) * Roston)max. 


os 
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oe 
— dé e 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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THERMAL IMPEDANCE (PER UNIT) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 
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Fig. 4 - Maximum safe operating area. 


‘> Sas ee 
(Cue ety 
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2. PER UNIT BASE = Rinse = 1.0 OEG. C/W. 


3. Tym - Te = Pom Zthsclt). 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9240, IRF9241, IRF9242, IRF9243 
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Q¢,. TRANSCONDUCTANCE (SIEMENS) 


NEGATIVE Ipp, REVERSE DRAIN CURRENT 
(AMPERES) 


“-0.4 -0.66 -0.8 -1.0 -12 -1.4 -1.6 -1.8 
0 “10. -20 -30 -40 -50 NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Ip, ORAIN CURRENT (AMPERES) : 92GS-44170 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


- Coc + Cy. Cog SHORTED 
a a Ip=-14A 

FOR TEST CIRCUIT 

SEE FIGURE 18 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9240, IRF9241, IRF9242, IRF9243 


Rosion). ORAIN TO-SOURCE ON. RESISTANCE (OHMS) 


0 -10 -20 -30 -40 -50 
Ip. DRAIN CURRENT (AMPERES) 


Ros(on) MEASURED WITH CURRENT PULSE OF Zee 
5 us PULSE DURATION. INITIAL Ty = 25°C. 
(HEATING EFFECT OF Sys PULSE ISMINIMAL.) | |_| 


-10 


Fig. 12 - Typical on-resistance vs. drain current. 


Po. POWER DISSIPATION (WATTS) 
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Tc, CASE TEMPERATURE (°C) 
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‘00 VARY tp TO OBTAIN 
REQUIRED PEAK I 
92CS-43278 
Fig. 15 - Unclamped inductive test circuit. 
50 ‘ 


Fig. 14 - Power vs. temperature derating curve. 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Fig. 17 - Switching time test circuit. 
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Ip, ORAIN CURRENT (AMPERES) 


Tc. CASE TEMPERATURE (°C) 
Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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P-CHANNEL 
POWER MOSFETs 


MHARRIS IRF9510, IRF9511 
IRF9512, IRF9513 


| . Avalanche Energy Rated 
August 1991 P-Channel Power MOSFETs 


Features Package 


e -2.5A and -3.0A, -GOV and -100V Line 


* TDS(ON) = 1.2 and 1.62 


¢ Single Pulse Avalanche Energy Rated 


DRAIN =o] 
> ———_——— 
e SOA is Power-Dissipation Limited (FLANGE) aa 
e Nanosecond Switching Speeds 4 | | > GaATE 


e Linear Transfer Characteristics 


® High Input Impedance 


Description : : 
eo Terminal Diagram 
The IRF9510, IRF9511, IRF9512 and IRF9513 are advanced 
power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 


withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel 

enhancement-mode silicon-gate power field-effect transistors D 
designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated G 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. . Ss 


Absolute Maximum Ratings (Tc = 259C) Unless Otherwise Specified 


IRF9510 IRF9511 IRF9512 IRF9513 UNITS 
Drain-Source Voltage (1)... . cece cece eee ec ne ceceees Vos -100 ~60 -100 -60 V 
Drain-Gate Voltage (RGS = 20K) (1)... cece eee eae VDGR -100 -60 -100 -60 V 
Continuous Drain Current | 
TOS 250C ie iain a iGaes eed cadniatamiadinmsietv es Ip -3.0 -3.0 -2.5 -2.5 A 
TC WO0CC 6 spit caleca wad eaendadedeaee visa anataten Ip -2.0 -2.0 -1.5 -1.5 A 
Pulsed Drain Current (3) ........cscccccccncccscceseces IDM -12 -12 -10 -10 A 
Gate-Source Voltage ....... cece ccc crecececerectaes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation ........0..cccecceenccceuee Pp 20 20 20 20 W 
(See Figure 14) 
Linear Derating Factor........ccccccccscececeventscevencs 0.16 0.16 0.16 0.16 W/9C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 190 190 190 190 mJ 
Operating and Storage Junction ..........ceeecens TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering..............- Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: | 
1. Ty = +25°C to +150°C 4. Vpp = 25V, Start Ty = +25°C, L = 31.7mHuy, Rg = 25N, Peak IL = 3.0A 


2. Pulse Test: Pulse width < 300yus,Duty Cycle < 2% See Figures 15.and 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 991 4 
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Specifications IRF9510, IRF9511, IRF9512, IRF9513 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltag BVpss _|VGs= OV, Ip = -250pA 


Sa a unis 
IAFOSI1,IRFOSIS oo ew 


Vos = Vas, Ip =-250uA Seo oo fo 


LIMITS 


Gate-Source Leakage Forward lass |Va@sg=-20V | - {| - | -500 | nA | 
Gate-Source Leakage Reverse lass |Va@g=20V | - [| - [| 500 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Veg = OV | = | - | -250 [ pA | 
Vps = Max Rating x 0.8, Vas = OV, -1000 pA 
To =+1259C 
On-State Drain Current (Note 2) ID(ON) | YDS > ID(ON) X (DS(ON) Max, Vgg = -10V 
IRF9510, IRF9511 -3.0 A 
IAFO512, IRFOSTS res | - | - | A 
Static Drain-Source On-State 'DS(ON) | VGS =-10V, Ip =-1.5A 
Resistance (Note 2) 
IRF9510,IRF9511 1.0 1.2 2 
IRF9512, IRFOS13 ae a a 
Forward Transconductance (Note 2) Vps>IpiON) X'DS(ON) Max Ip=-1.5A | 08 [| 14 | - | S(O) 
Input Capacitance Ciss_ | Vag = OV, Vos = -25V, f = 1.0MHz | - | 180 | - | pF | 
Output Capacitance Cogs _| Se Figure 10 es ee 
Reverse Transfer Capacitance Crss | - | 30 | - | pF | 
fTum-OnDelaytime | _taon) |Vop=50BVpss.ip=-S0ARq=500 | - | 15 | 90 | ns_| 
Rise Time t See Figure 17. (MOSFET switching times 30 
See cucivindercdenciacecine | este OO | 
umn-Off Delay Time | (OFF) | temperature.) p= | 20) | 40 | ns 
Fall Time aa ee ee 
TotalGate Charge Vas =-10V, Ip =-3A, Vps = 0.8 Max 11 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of 3.8 CG 
pe aterSouice ete aca ON a tea) ee ee ee 
Gate-Drain (‘Miller’) Charge | Gag P= a7 [= [90 | 
Internal Drain Inductance Lp Measured from the Modified MOSFET 3.5 
contact screw ontab | symbol showing the 
to center of die. internal device 
Measured from the INgUCTANGES: nH 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 
Internal Source Inductance Ls Measured from the 7.5 H 
source lead, 6mm 
(0.25") from pkg. to 
source bonding pad. 
RONG ae ae 
Rocs [Mounting surface tat, smoothandgreased | - [| 10 | - | 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 2 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


E 


ISM 


To = +259, Ig = -3.0A, Ves = OV 


Diode Forward Voltage (Note 2) Vsp Ig =-3.0A, Vag = | 15 

Reverse Recovery Time Ty = +150°C, IF =-3.0A, di¢/dt = 100A/ps ae 

Reverse Recovered Charge | Qrr_ | Ty=+1509C, Ir =-3.0A, di/dt = 100A/ps ee 
Forward Turn-on Time | ton Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 31.7mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak IL = 3.0A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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P-CHANNEL 
POWER MOSFETs 


IRF95170, IRF9511, IRF9512, IRF9513 


jo 
I 


80 ps PULSE TEST 
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ie 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vos; DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43264 


92CS-43263 


Fig. 1 - Typical Output Characteristics 


Fig. 2- Typical Transfer Characteristics 
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Fig. 4 - Maximum safe operating area. 


Fig. 3 - Typical saturation characteristic. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRF9510, IRF9571, IRF9512, IRF9513 


(SAH3d WV) LNSHYND NIVHG 3SHaAaY YO) 


(SNSWA3IS) JONVLONGNOOSNvYL ‘6 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


am DRAIN i CUBHENT (AMPERES) 


92CS-43269 


92CS-43268 


Fig. 7 - Typical source-drain diode forward voltage. 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 9 - Normalized on-resistance vs. temperature. 


Fig. 8 - Breakdown voltage vs. temperature. 
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(SLIOA) SDVLIOA 3DYNOS-O1L-3LVYD ‘SIA 


Ip=-4A 
FOR TEST CIRCUIT 
SEE FIGURE 18 
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Qg, TOTAL GATE CHARGE (nC) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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IRF9510, IRF95171, IRF9512, IRF9513 


RDS(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 ys PULSE IS MINIMAL.) 


ON RESISTANCE (OHMS) 
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Ip, ORAIN CURRENT (AMPERES) 
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Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 
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Tc, CASE TEMPERATURE (°C) 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 


CURRENT -Vps 
REGULATOR §& O (ISOLATED 
SUPPLY) 
SAME TYPE 
12V 
BATTERY 
ia Ae 
~F O+Vps 
Ig Ip 
CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 
92CS-43281° 
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Fig. 18 - Gate charge test circuit. 


i HARRIS 


IRF9520, IRF9521 


IRF9522, IRF9523 


August 1991 


Features 

e -5A and -6A, -60V and -100V 

* TDS(ON) = 0.62 and 0.80 

e Single Pulse Avalanche Energy Rated 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


® High Input Impedance 


The IRF9520, IRF9521, IRF9522 and IRF9523 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 
TO-220AB 
TOP VIEW 
DRAIN 77 
EE 
(FLANGE) SOURCE 


ag 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


D 


P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 259C) Unless Otherwise Specified 


IRF9520 IRF9521 IRF9522 IRF9523 UNITS 
Drain-Source Voltage (1) 2... . cc cece ce cece wee e eee Vps ~100 -60 -100 -60 V 
Drain-Gate Voltage (RGS = 20K) (1)... 6... cee eee VDGR -100 -60 -100 -60 V 
Continuous Drain Current 
TER 259C els ihren th teeese eee uee tenet docaty ID -6 -6 -5 -5 A 
NG 1009 Caan Sout ae pa Ghee he seek tual aac ater ID -4 -4 -3.5 -3.5 A 
Pulsed: Drain Current (S) ie wise neaswinwe ten sane wees IDM -24 -24 -20 -20 A 
Gate-Source Voltage sos cic aa ist tae eaedas ia caaes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation .......... cc cece cet e eee e ees Pp 40 40 40 40 W 
(See Figure 14) 
Linear Derating Factor........ 0... ccc cee tees cece ec ccnes 0.32 0.32 0.32 0.32 W/°G 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............0-. Eas 370 370 370 370 mJ 
Operating and Storage Junction .................. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% 


4, 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Vpop = 25V, Start Ty = +25°C, L = 15.4mHy, Rg = 25, Peak IL = 6.0A 
(See Figures 15 and 16) 


2281 


File Number 


Specifications IRF9520, IRF9521, IRF9522, IRF9523 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip =-250ypA 
IRF9520, IRF9522 


IRF9521, IRF9523 


owe 
Gate Threshold Voltage Vescty) | VDS= Vas; Ip =-250pnA } -20 | - | -40 | vi | 
nA 


Cwin[ TYP | MAX_| units 


‘Gate-Source Leakage Forward Vas =-20V | - | -500 | nA | 
Gate-Source Leakage Reverse Ias Vas = 20V |} - | 500 | nA 
Zero Gate Voltage Drain Current Vps = Max Rating, Vg = OV | o- | -250 | yA 


pA 


Vps = Max Rating x 0.8, Vag = OV, 
To =+1259C 


VDS > ID(ON) X DS(ON) Max, Vgg = -10V 


On-State Drain Current (Note 2) 


ID(ON) 


E 
(oe) 
Oo 
oO 


IRF9520, IRF9521 
IRF9522, IRF9523 


Static Drain-Source On-State 
Resistance (Note 2) © 
IRF9520, IRF9521 


IRF9522, IRF9523 


ais 
Vas = OV, Vpg = ~25V, = 1.0MHa 

See Figure 10 

; 
? 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge , 


Gate-Drain (‘Miller’) Charge 
Internal Drain inductance 


Vas = -10V, Ip = -3.5A 


TDS(ON) 


a 
oO 


nm 

O 

oO 
ne) 


5 bo 3 | pj T xe) 
ps os zyo ny TY 


Vop =0.5 BVpss; Ip = -6.0A, Rg = 502 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


VGs =-10V, Ip = -6A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) . 


Measured from the Modified MOSFET 
contact screw ontab | symbol showing the 
to center of die. internal device 


Measured fromthe __| nductances. 
drain lead, 6mm 


.?) 


.?) 


rm 
oO 
a 


(0.25”) from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 


internal Source Inductance 


Ir 
” 


a alo et fon 
= . O 3/6 |2 wo) G) 


source bonding pad. 5S 
pe eee) OCW 
Rocs OCW 
= 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET a 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


To = +259, Is = -6.0A, Veg = OV 
Ty = +1509C, IF = -6.0A, dif/dt = 100A/ps 
Ty = +150°C, Ip =-6.0A, dif/dt = 100A/ps 


intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


5 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


Vsp 
ter 


o10/8 
no OT oO 


= 
O 


NOTES: 1. Ty = +259C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +259C, L = 15.4mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak IL = 6.0A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9520, IRF9521, IRF9522, IRF9523 


Ip, ORAIN CURRENT (AMPERES) 


0 -10 -20 -30 -40 -50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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POWER MOSFETs 


IRF9520, IRF952171, IRF9522, IRF9523 


ots. TRANSCONDUCTANCE (SIEMENS) 


a Vos > !Dion) * Roston 


) max. 
80 «s PULSE TEST 


NEGATIVE Ipp, REVERSE DRAIN CURRENT 
(AMPERES) 


0.4 -0.6 -0.8 -1.0 -12 -1.4 -16 -1.8 


Ip. ORAIN CURRENT (AMPERES) NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
‘ ; : 92GS-44168 
Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward vortage. 
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(NORMALIZED) 
Rps(on)- ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


FER Eee E 


-40 0 40 80 120 160 ji 40 0 Tn 120 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9520, IRF9521, IRF9522, IRF9523 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rosion): DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 5 10 AS 20 
Ip. ORAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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Ga} HARRIS IRF9530, IRF9531 
IRF9532, IRF9533 


Avalanche Energy Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
TO-220AB 
e -10A and -12A, -60V and -100V TOP VIEW 


* FDS(ON) = 0.32 and 0.429 
e Single Pulse Avalanche Energy Rated 


DRAIN — | 
e SOA is Power-Dissipation Limited (FLANGE) cae 
e Nanosecond Switching Speeds | a” GATE 


e Linear Transfer Characteristics 


e High Input Impedance 


pees Terminal Diagram 

The IRF9530, IRF9531, IRF9532 and IRF9533 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as_ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 


Absolute Maximum Ratings (Tc = 259C) Unless Otherwise Specified 
IRF9530 IRF9531 IRF9532 IRF9533 UNITS 


Drain-Source Voltage (1) .. 2... 2 cece ccc e cece eee eneees Vps -100 -60 -100 -60 V 
Drain-Gate Voltage (RGS = 20k) (1)...... eee ee eee VDGR -100 -60 -100 -60 V 
Continuous Drain Current 
GeO Oia os Pei whew ews ewe B ede tare eee ee eas pate Ip -12 -12 -10 -10 A 
TC OOO nearing eieearone se tee 5 Sateeeees ts paea wees Ip -7.5 -7.5 -6.5 -6.5 A 
Pulsed Drain Current (3) ........ ccc cence en eer eeecees IDM -48 -48 -40 -40 A 
Gate-Source Voltage ....... cece cece cece tee eeeces Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ........... cee eee eee eevee Pp 75 75 75 75 W 
(See Figure 14) 
Linear Derating Factor..........ccccccccccccuereevesecees 0.6 0.6 0.6 0.6 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 500 500 500 500 mJ 
Operating and Storage Junction ............000ee- (TN, TSTG -55to+150 -55to+150 -55to+150 ~55to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering..............- TL 300 300 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = 25V, Start Ty = +25°C, L = 5.2mHyp, Rg = 252, Peak IL = 12A 


2. Pulse Test: Pulse width < 300ps,Duty Cycle < 2% (Seo Figures 13 ane 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See . 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


FileNumber 2221 
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Specifications IRF9530, IRF9531, IRF9532, IRF9533 


Electrical Characteristics Tc = +259C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_|Vas=OV, Ip =-250yA 
IRF9530, IRF9532 


IRF9531, IRF9533 { -0 | - | - fo ovi| 
Vesmin [Vos Vas p= 28) 20 a 
igss_[Veg=-200 | - | - | s00 a 
ass [Vas=20v 800 a 

Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV | - | - | -250 
Vps = Max Rating x 0.8, VGg = OV, -1000 | pA 
igeanamc sever | TL fee 


On-State Drain Current (Note 2) 
IRF9530, IRF9531 
IRF9532, IRF9533 


Static Drain-Source On-State 'DS(ON) 
Resistance (Note 2) 
IRF9530, IRF9531 


IRF9532, IRF9533 


ID(ON) | YDS > !D(ON) X "DS(ON) Max, Vgg = -10V 


VGS =-10V, Ip = -6.5A 


ais |Vos>ID(ON)xtDS;ON)Mawlo=65A__| 20 [ 38 | - | SO) | 
Vas = 0V, Vps = -25V, f= 1.0MHz 

Seema 

Vpp =05 BVpas,lp =-12A, Ag = 500 

See Figure 17. (MOSFET switching times 

othe 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


VGs =-10V, lp =-12A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


D alayo 

2|2 = IIe lelolo 

QO je QO oO -~ T10 lH IH IM 

~ IO Zl lq |O ln 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on tab 
to center of die. 


7) 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


internal Source Inductance 


~ 
n” 


Junction-to-Case 
Case-to~Sink 


Junction-to-Ambient RoJA 


Mounting surface flat, smooth and greased 


Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET . 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Vsp__| To =+25°C, Ig = -12A, Vgg = OV -1.5 
trr | Ty = +1509C, Ip =-12A, diF/dt = 100A/us 300 | ons | 
Ty = +1509, Ip =-12A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


n” 


‘ay = 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


NOTES: 1. Ty = +25°9C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +259C, L = 5.2mH, 
2. Pulse Test: Pulse width < 300unps, junction temperature. See Transient Thermal Rg = 25), Peak IL = 12A (See Figures 15 


Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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P-CHANNEL 
POWER MOSFETs 


IRF9530, IRF95317, IRF9532, IRF9533 
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Fig. 2- Typical Transfer Characteristics 


Fig. 1 - Typical Output Characteristics 


1 J 74 
ea 
an 


® 
P 
5 
LY 


I Se eae Ge | 
le. 


(Sau¥a3dWV) LNAYYND Nivua ‘9; 


SCPC 


yy, 


(SA¥3dWv) LNSYHND Nivua ‘9 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Vos, 


92CS-43324 


92CS-43290 


Maximum sate operating area. 


Fig. 4 


Typical saturation characteristic. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRF9530, IRF9531, IRF9532, IRF9533 


S134SOW YAMOd 


TANNWHO-d 


-1.8 
92CS-43303 


—-1.6 
92CS-43270 
Ip =-15A 
FOR TEST CIRCUIT 


—1.4 
SEE FIGURE 18 
= —80 V, IRF9530, 9532 


-1.2 


2) 
a 
> 


Ty, JUNCTION TEMPERATURE (°C) 
Qg, TOTAL GATE CHARGE (nC) 


-0.6 1 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


-0.4 
Fig. 9 - Normalized on-resistance vs. temperature. 


(Q4ZINVWHON) 
JONVLSISSY NO 3DuNOS-OL-Nivua ‘(4°Sdy 


Fig. 7 - Typical source-drain diode forward voltage. 


(SLIOA) ADVLIOA 3DYNOS-O1-31V9 ‘SIA 
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-40 


-30 


Vos > !p(on) * RpS(on) max. 
80 pS PULSE TEST 


OW 


Ip, ORAIN CURRENT (AMPERES) 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage vs. temperature 
fal 
-2 
IN-TO 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


IRF9530, IRF9531, IRF9532, IRF9533 
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Rps(on) MEASURED WITH CURRENT PULSE OF 2.0 uS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 uS PULSE IS MINIMAL.) 

0 —10 —20 —30 

Ip, ORAIN CURRENT (AMPERES) 


-40 -50 
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Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 


i?) 20 40 60 80 100 120 140 160 180 200 
Tc, CASE TEMPERATURE (°C) 
92CS-43305 
Fig. 14 - Power vs. temperature derating curve. 
Ro 
DUT ar ie 
Ves = -10V 
VARY tp TO OBTAIN 
REQUIRED PEAK I 
92CS-43280 


Fig. 17 - Switching time test circuit. 


5-74 


w 
w 
ia 
Ww 
a 
= 
< 
(= 
2 
WwW 
vd 
a 
2 
Oo 
< 
<q 
a 
Q 
a 


Tc, CASE TEMPERATURE (°C) 


92CS-43327 


Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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Features 

e -15A and -19A, -60V. and -100V 

* TDS(ON) = 9.202 and 0.302 

¢ Single Pulse Avalanche Energy Rated 
© SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


IRF9540, IRF9541 
IRF9542, IRF9543 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 
TO-220AB 
TOP VIEW 
rnCE —===> SOURCE 
==> DRAIN 
L. > GATE 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF9540, IRF9541, IRF9542 and IRF9543 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors D 
designed for applications such as_ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated G 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. Ss 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


-P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 259C) Unless Otherwise Specified 
IRF9540 IRF9541 IRF9542 IRF9543 UNITS 


Drain-Source Voltage (1) ...... cece cect eee c ten e eee Vos -100 -60 -100 ~60 V 
Drain-Gate Voltage (RGS = 20K2) (1)... ... eee e wees VDGR -100 -60 -100 -60 V 
Continuous Drain Current 
TG S259 ciate wetter eune sewn cone sa vows omm iets Ip -19 -19 -15 -15 A 
FC =1000C evs carvan Mii adnweceneoaseutarsemneas Ip -12 -12 -10 ~10 A 
Pulsed Drain Current (3) sais. a nccewedeee wensieenentesies IDM -76 -76 -60 ~60 A 
Gate-Source Voltage ........ cc cece cect cree eee ences Vas +20 +20 +20 - +20 V 
Maximum Power Dissipation ...... 0... 0. cece eeeceeeeeee Po 125 125 125 125 W 
(See Figure 14) 
Linear Derating Factor.........ccccccccecccscuscuveceeens 1 1 1 1 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............62. Eas 960 960 960 960 mJ 
Operating and Storage Junction ......... cece ences TU, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ...........00+. TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300ys,Duty Cycle < 2% 


4. Vop = 25V, Start Ty = +25°C, L = 4mH, Rg = 250, Peak IL = 19A 
(See Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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Specifications IRF9540, IRF9541, IRF9542, IRF9543 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS - | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss | Va@s=OV, Ip =~-250ynA 
IRF9540, IRF9542 V 
iRFOS41, IRFO643 es 
Gate Threshold Voltage Va@s(tH) | Vos =V@s; Ip =-250pA | -20 | - | -40 | ve | 
Gate-Source Leakage Forward lass |Vgs=-20V | - [| - | -500 [ nA | 
Gate-Source Leakage Reverse lass. | Vag=20V i ee ee ee 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Veg = OV | = | - | -250 | pA 
Vps = Max Rating x 0.8, Vas = OV, -1000 pA 
To =+125°C 
On-State Drain Current (Note 2) ID(ON) | YDS> !D(ON) X DS(ON) Max, Vgs =-10V_ 
IRF9540, IRF9541 -19 A 
IRFO542, IRFO54S a 
Static Drain-Source On-State TDS(ON) | VGS =-10V, Ip =-10A 
Resistance (Note 2) 
IRF9540, IRF9541 .0.15 ce) 
IRFO542, IRFOSAS = [022 [oso | a 
Forward Transconductance (Note 2) Vps > ID(ION) X (DS(ON) Max Ip = -6A | 5 {| 7 | - | SU) 
Input Capacitance Ciss__ | Vas = OV, Vps = -25V, f = 1.0MHz | = | 1100 | - | pF | 
Output Capacitance Coss See Figutes0 p> | 650 | - [| pF 
Reverse Transfer Capacitance Crss | | - | 250 [| - | pF | 
Turn-On Delay Time ton) |Vpp =0.5BVpss.Ip=-19A,RG=9.12 | - | 16 | 20 | ns | 
Rise Time See Figure 17. (MOSFET switching times 100 
RNCOTNN ss i Me cei indeneniodk fepecing Loe ae OO 
Turn- Off Delay Time td(OFF)_| temperature.) | - | 47 | 70 |{ ns | 
Fall Time P= | 28 | 70 | ns | 
Total Gate Charge Vas =-10V, Ip = -19A, Vps = 0.8 Max 70 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge 7 (Gate charge is essentially independent of 14 
Gate: eure Ca eee ac eae cine) ree Ber ee ae ee 
Gate-Drain (“Miller”) Charge | Qga | nc 


Internal Drain Inductance 


Lp Measured from the Modified MOSFET 
' | contact screw ontab | symbol showing the 
to center of die. internal device 
D 


Measured from the inductances. 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


Internal Source Inductance 


oS 


be} 
L 


Junction-to-Case =n aS aes es BR 
Case-to-Sink Mounting surface flat, smooth and greased 1.0 


Junction-to-Ambient RoJA 


a| a 
|e o 
a|O 


Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Is 


ISM 


G 


Ss 


Vsp__| TG = +259C, Ig = -19A, Veg = OV 
trr | Ty =+1500G, IF = 19A, dif/dt = 100A/us 


Ty = +1509C, Ip = 19A, dif/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLsg + Lp. 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


~ 
o 


= 
O 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 4mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25N, Peak I, = 19A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Ip. ORAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT {AMPERES) 


Zthyc(t)/Rengc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRF9540, IRF9541, IRF9542, IRF9543 
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Ip. DRAIN CURRENT (AMPERES) 


a ea ae ae 8 ee ee 
Sy i Co il Ft 6S eG 
-10 -20 -30 -40 -50 -2 4 -6 8 -0  -12 -14 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) | Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3- Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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P-CHANNEL 
POWER MOSFETs 


IRF9540, IRF9541, IRF9542, IRF9543 


cTaeee Gas 
Vos. > !p(on) * Roston)max. fae ee ha 
= 


‘Ots. TRANSCONDUCTANCE (SLEMENS) 
NEGATIVE Ipp, REVERSE DRAIN CURRENT 
(AMPERES) 


0 -20 -40 -60 -8 
1p, DRAIN CURRENT (AMPERES) 


-100 


Fig. 6 - Typical transconductance vs. drain current. 


0.95 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75 
-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 18 


C, CAPACITANCE (pF) 
Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9540, IRF9541, IRF9542, IRF9543 


0.26 


0.22 


0.10 F—Rps(on) MEASURED WITH CURRENT PULSE 
OF 5 us PULSE DURATION. INITIAL Ty = 25°C. 
(HEATING EFFECT OF 5 us PULSE 1S MINIMAL.) 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 -20 -40 -60 -80 -100 
Ip. ORAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 
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92CS-43280 


Fig. 17 - Switching time test circuit. 
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Ip, DRAIN CURRENT (AMPERES) 


0 50 100 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 13 - Maximum drain current vs. case temperature. 


VARY tp TO OBTAIN 
REQUIRED PEAK I 
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P-CHANNEL 
POWER MOSFETs 


Fig. 15 - Unclamped inductive test circuit. 


BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT -Vos 
REGULATOR § O (ISOLATED 
SUPPLY) 


SAME TYPE 


ma) O +Vos 
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Fig. 18 - Gate charge test circuit. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 


®HARRIS IRF9620, IRF9621 
IRF9622, IRF9623 


Avalanche Energy Rated 


August 1991 | | _ P-Channel Power MOSFETs 
Features Package 
TO-220AB 
¢ -3A and -3.5A, -150V and -200V TOP VIEW 
* TDS(ON) = 1.52 and 2.42 
e Single Pulse Avalanche Energy Rated DRAIN a 


EE 
¢ SOA is Power-Dissipation Limited (FLANGE) ar 


e Nanosecond Switching Speeds | a aa GATE 


e Linear Transfer Characteristics 


® High Input Impedance 


mesChpuen Terminal Diagram 

The IRF9620, IRF9621, IRF9622 and IRF9623 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as _ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. | 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9620 IRF9621 IRF9622 IRF9623 UNITS 
Drain-Source Voltage (1) 2... cece cence cece ences Vps -200 ~ =150 -~200 -150 V 
Drain-Gate Voltage (RGs = 20k) (1)........- eee eee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
NOS 2 OP OG cacdaidwaaauas tia aernauce Panis avadeuds Ip ~3.5 -3.5 -3 -3 A 
T= 1 OOCS St eusoietaed colds sc exaien sees tears Ip -2 -2 -1.5 -1.5 A 
Pulsed Drain Current (3) ..........cc cee cece eee eneeees IDM -14 -14 -12 -12 A 
Gate-Source Voltage ...........cccccccccncccccccecs Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ............ cece eeeeeeeeee Pp 40 40 40 40 W 
(See Figure 14) 
Linear Derating Factor... ..c. ccc eect k ee cece e eae eevee s 0.32 0.32 0.32 0.32 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 290 290 290 290 mJ 
Operating and Storage Junction ............0ccee TI, TSTG -55to+150 -55to+150 -55to+150 -55to+150 Te; 
- Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = 50V, Start Ty = +25°C, L = 35.5mH, Rg = 250, Peak IL = 3.5A 


2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% See Rigs Va andte) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


File Number 2283 


Copyright © Harris Corporation 1991 
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Specifications IRF9620, IRF9621, IRF9622, IRF9623 


Electrical Characteristics Tc = +259C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS } MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss _ | Vas=OV, Ip =-250ynA 
IRF9620, IRF9622 


IRF9621, IRF9623 


Gate Threshold Voltage VasctH) | Vos =Veas, Ip =-250nA 
Gate-Source Leakage Forward Ies Ves =-20V 


op) 


Gate-Source Leakage Reverse IGs Vqas = 20V 


Zero Gate Voltage Drain Current 


Vps = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vas = OV, 
To = +125°C 


VDs > ID(ON) X (DS(ON) Max, Vag = -10V 


Ipss 


On-State Drain Current (Note 2) 
IRF9620, IRF9621 
IRF9622, IRF9623 


Static Drain-Source On-State 'DS(ON) 
Resistance (Note 2) 
IRF9620, IRF9621 


IRF9622, IRF9623 


ID(ON) 


VqGs =-10V, Ip =-1.5A 


Forward Transconductance (Note 2) Ofs Vps > ID(ON) X "DSION) Max !p = 1.5A 1 1.8 = S(U)) 
Vas = OV, Vs = -25V, f= 1.0MHz F850. 

asa. |oeerauet 00 | | 
ee ee 
ta(on) _| VoD =0.5 BVpgs, Ip =-3.5A, Rg = 500 [so [50 | 


—_ 


vin ; O}O1O 
aia b 5 fs 10 la |G | 
o1O a) dp) 


HOFF 
7 
(Gate-Source + Gate-Drain) 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


_ 
ye) 
oO 


temperature.) 


VGs =-10V, Ip =-3.5A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 


=] 


operating temperature.) 


=) 
@) 


n 


Measured from the Modified MOSFET 
contact screw ontab | symbol showing the 
to center of die. internal device 


inductances. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


3 


Internal Source Inductance 


n” 


~~ aay 

on on 
o 
mr 
no 

Ss 


Junction-to-Case 
Case-to-Sink Mounting surface flat, smooth and greased 


Junction-to-Ambient Roya | Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


ag =e] atafel alallalelsiala 


S 
2 


soe. i 
| =2.0 
ee a 
ee 
Laie 
Beret 
Re 
Eeeeed 
eee 
ae 

See Figure 17.(MOSFET switching times 

are essentially independent of operating —EE 
ae 
ios 
i 
fee 
ae 


Ei 


try | Ty = +1500, If =-3.5A, dig/dt = 100A/us 
Tj = +1500C, IF = -3.5A, di¢/dt = 100A/us 


Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


Diode Forward Voltage (Note 2) Vsp To = +259, Ig = -3.5A, Veg = OV 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 35.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Re = 252, Peak I, = 3.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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P-CHANNEL 
POWER MOSFETs 


IRF9620, IRF9621, IRF9622, IRF9623 


’ 
an 


: yen 
av} oe Vee iniaie 
OS 7 'D(on) 
ieee cane 
4 
2 || Pt g 
uw iv) 
[> <4 ec 
uw WwW 
a a. 
ou Zee : 
<= 3 ——— = 
LL ie a : 
2 z 
w ; uw 
[og ce 
= UE ese : 
2 pom ] 
oOo o 
2 -2. z 
{fl Le ts : 
e e 
(=) oO 
8 / - = a 3 
‘a ee 
a = aes Eee 
0 -10 -20 -30 -40 -50 - 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
~ 100 
HY 
-50F---T—T- FHT AREA IS LIMITED 
cot BY Rpgion) 
a @ -20 
= ed 
w uu 
a. Q -10E IRF9622, 3 eet RAO ee 
= = 
= < ae ee ee as =e 
= =. oe CLO Ts nant 
z C 100 2S 
3 Gi Smet “<s PONT 4 
« Sal CNA HIN EL 
Fa 2 “PST TUN 
z < -10;+1-b4 NIC 
= re 5 settee ee esti wes ees 
oO Q o_o a0 88 86 ee a es ‘BE 
co. Becc Hk 
2 ca tes: an 
Th nual 
-02\ oct 
ime Baila 
-0.1 CECH TT Loe. 3p [arose 
-10 -2 -5 -10 -20 -50 -100 -200 -500 
; Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 92GS-44205 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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o 
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Ee _— 
ne 
=o 1. DUTY FACTOR, 0 = 


—- — + 4 
ea SINGLE PULSE (TRANSIENT L- 
a alee maser HC A ae ie ee caer 
3.7 T Pp 2 ; 
a LLL HH HE EEE tm te fom 2a 


10-9 2 5 10-4 2 5 10-3 2 5 10-2 ° 2 5 10°! 2 . 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


THERMAL IMPEDANCE (PER UNIT) 


Zthyc(t)/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9620, IRF9621, IRF9622, IRF9623 


me TRANSCONDUCTANCE (SIEMENS) 
NEGATIVE Ipn, REVERSE DRAIN CURRENT 
(AMPERES) 


0 “1 -2 -3 -4 -§ . 
Ip, ORAIN CURRENT (AMPERES) NEGATIVE Vop, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
92GS-44169 

Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


P-CHANNEL 
POWER MOSFETs 


BV pss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsion). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


a 
= FOR TEST CIRCUIT 
> SEE FIGURE 18 
z o 
S < 
ws Cissy = Cgs + Cgq, Cys SHORTED = 
a Ciss = Cog 2 
= Coss = Cas + & + Cod = 
a gs * gq a 
st = Cas + Cog ra 
ibd 
‘< 
oO 
” 
o 
> 
0 -10 -20 -30 -40 -50 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Rosion): DRAIN-TO-SOURCE ON RESISTANCE (OHMS) | 


Pp, POWER DISSIPATION (WATTS) 


IRF9620, IRF9621, IRF9622, IRF9623 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


i 
SS eee 


Bees Bins 
Fee 


Ip, DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
Vos 


tp 
} ovi | 
’ V6gs=-10V 


i 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT ~Vos 
REGULATOR ¢ O (ISOLATED 
SUPPLY) 


SAME TYPE 


VARY tp TO OBTAIN CURRENT CURRENT 
REQUIRED PEAK I, SAMPLING SAMPLING 


RESISTOR RESISTOR 


92CS-43281 


92CS-43280 
Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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a} HARRIS IRF9630, IRF9631 


IRF9632, IRF9633 


Avalanche Energy Rated 
August 1991 P-Channel Power MOSFETs 


Features Package 


-220 
e -5.5A and -6.5A, -150V and -200V igi ete 


* 'DS(ON) = 0.80 and 1.2 


e Single Pulse Avalanche Energy Rated 


DRAIN vere 
he 
¢ SOA is Power-Dissipation Limited (FLANGE) ar 
¢ Nanosecond Switching Speeds | a GATE 


e Linear Transfer Characteristics 


e High Input Impedance 


escHpuen Terminal Diagram 

The IRF9630, IRF9631, IRF9632 and IRF9633 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel oD 


enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 


” 
for high-power bipolar switching transistors requiring high G fr tu 
speed and low gate-drive power. These types can be operated = S 
directly from integrated circuits. = = 

oc 
The IRF types are supplied in the JEDEC TO-220A8 plastic S a3 
package. = 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9630 IRF9631 IRF9632 IRF9633 UNITS 
Drain-Source Voltage (1) .. 2... eee eee ee cece cence eee Vos -200 -150 -200 -150 V 
Drain-Gate Voltage (RGS = 20kKN) (1).......... eee eee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
N= 25°C Wisuaside tumaras inner bese esesa teed maw sek Ip ~6.5 ~6.5 ~5.5 -5.5 A 
Ge POOP Geass aatereace hah crates rnitend Parad aed atacanacs Ip -4.0 -4.0 ~3.5 -3.5 A 
Pulsed Drain Current (3) ....... cece cee cence cece eee IDM -26 -26 -22 -22 A 
Gate-Source Voltage ....... ccc cece cect c ere e cen eces Ves +20 +20 +20 +20 V 
Maximum Power DisSipation ......... cc cece ccc eee cces Pp 75 75 75 75 WwW 
(See Figure 14) 
Linear Derating Factor.........cccc cece ccc cccccccsvceeees 0.6 0.6 0.6 0.6 W/9C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............06. Eas 500 500 500 500 mJ 
Operating and Storage Junction .............ee0e TU, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ...........0.6. TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = 5OV, Start Ty = +25°C, L = 17.55mH, Rg = 252, Peak I, = 6.5A 


2. Pulse Test: Pulse width < 300ys,Duly Cycle < 2% ee niguige Wa ane:18) 


3. Repetitive Rating: Pulse width limited by maxi junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 92904 
Copyright © Harris Corporation 1991 
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Specifications IRF9630, IRF9631, IRF9632, IRF9633 


Electrical Characteristics To = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVposs_| Vas=OV, Ip = -250pnA 
IRF9630, IRF9632 V 


IRF9631, IRF9633 


Gate Threshold Voltage Vas(TH) | Vos = Vas; Ip =-250uA | -20 | - | -40 | vo| 
Gate-Source Leakage Forward less |Vgsg=-20V { - | 
Gate-Source Leakage Reverse lass |Vas=20v 


Zero Gate Voltage Drain Current Ipss | 


3 
> 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vag = OV, 
To =+1259C 


Vps > ID(ON) X (DS(ON) Max, Vgg = -10V 


= 
> 


-1000 | pA 


On-State Drain Current (Note 2) 
IRF9630, IRF9631 
IRF9632, IRF9633 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9630, IRF9631 


IRF9632, IRF9633 


ais 
'88_] Vas = OV, Vps = ~25V, f= 1.0MHz 

See Figure 10 

Cz 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge r 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


ID(ON) 


a 


TDS(ON) | VGS = -10V, Ip = -3.5A 


q@ 
Oo 


Vpp =0.5 BVpss; Ip = -6.5A, Rg = 50 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


?) 


VGs =-10V, Ip = -6.5A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from the Modified MOSFET 
contact screw on tab | symbol showing the 
to center of die. internal device 


Measured from the inductances. 
drain lead, 6mm 

(0.25") from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from pkg. to 
source bonding pad. oS 


GG an a ee al 
Mounting surface flat, smooth and greased 


RoJA Typical socketmount — 


_ 
Lo) 
3 


are 
io) 
= 


” 
= VIDIO |= 


Oo 


~J 
oO 


: oo wo = a 
ls] af sl atalsl lalelaiaatstalarele ff. | ff). 


Internal Source Inductance 


r 
:¢) 


x alOl6 
- O DIO 
QD 4 nID 
nl 1M 


Junction-to~Case 
Case-to-Sink 


Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET ° 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Vsp_ | TG = +259C, lg =-6.5A, Vgg = OV 
trr | Ty = +15000, Ip =-6.5A, dif/dt = 100A/us 
Tj = +1500C, IF =-6.5A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


3) 


—h wa 
=) 
3 } 


| 


Be) 
ro) 
a 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Ei 


ISM 


a 
a 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time. 
Reverse Recovered Charge 
Forward Turn-on Time 


= 
2) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 17.75mH, - 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak IL = 6.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) : and 16) 
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IRF9630, IRF96317, IRF9632, IRF9633 


Tri 
PSCC, 
PRENCCCEEe 
SacSSSGG00) 
COAST I 


Vos > !pion) * Rps(on)MAX. 


80 ys PULSE TEST 


(S3Y¥ad WY) LNSYYNO Nivua ‘9; 


cans LNAYYND Nivuyg ‘| 


Vos, GATE-TO-SOURCE Goce arcs 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43309 


92CS-43308 


Fig. 2 - Typical transfer characteristics. 


Fig. 1 - Typical output characteristics. 
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Cee oer 
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-1000 


zz" 
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-100 


OPERATION IN THIS 
AREA IS LIMITED 


; -10 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


-1.0 


(S3Y3Sd WV) LNSYYND Nivug ‘d) 
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wo 
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Vos: pines <cuRcE eee (VOLTS) 


80 ps PULSE TEST 
LE 
Za 
a 
2 


(SSYSdWY) LNSYYND NivwG ‘91 


92GS-44026 


92CS-43310 


Fig. 4 - Maximum safe operating area. 


Fig. 3 - Typical saturation characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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IRF9630, IRF9631, IRF9632, IRF9633 
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Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
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80 uS PULSE TEST 


°o 
‘°] 


(SN3W31S) SONVLONGNOOSNVHL ‘96 


Ip, DRAIN CURRENT (AMPERES) 


92CS-43270 


92CS-43312 


Fig. 7 - Typical source-drain diode forward voltage. 


Fig. 6 - Typical transconductance vs. drain current. 
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Ty, JUNCTION TEMPERATURE (°C) 
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Fig. 9 - Normalized on-resistance vs. temperature. 


Fig. 8 - Breakdown voltage vs. temperature. 
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FOR TEST CIRCUIT 
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SEE FIGURE 18 


(SLIOA) ADVLIOA JDYHNOS-OL-3LVD ‘SIA 


Q 
W 
= 
c 
oO 
= 
7) 
C) 
ao] 
oO 
G 
oa 
oO 
+ 
o 
$e.) 
oO 
u 
o 
A 
oO 


Ciss 


\ 


(49) SONVLIOVdVO 


‘ 


| 
ed 
= 
kes 


+e) 


Qg, TOTAL GATE CHARGE (nC) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43479 


92CS-43314 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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IRF9630, IRF9631, IRF9632, IRF9633 


Ros(on) MEASURED WITH CURRENT PULSE OF 2.0 »S 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 »S PULSE IS MINIMAL) 
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ON RESISTANCE (OHMS) 


Ip, ORAIN CURRENT (AMPERES) 
92CS-43316 


Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 


Oo 20 40 60 80 100 120 140 160 180 200 
Tc, CASE TEMPERATURE (°C) 


92CS-43305 


Fig. 14 - Power vs. temperature derating curve. 
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92CS-43280 


Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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REQUIRED PEAK I 
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Fig. 15 - Unclamped inductive test circuit. 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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a} HARRIS 


IRF9640, IRF9641 


IRF9642, IRF9643 


August 1991 


Features 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 
TO-220AB 
e -9A and -11A, -150V and -200V TOP VIEW 
* TDS(ON) = 0.52 and 0.70 
e Single Pulse Avalanche Energy Rated a 
e SOA is Power-Dissipation Limited (FLANGE) | 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF9640, IRF9641, IRF9642 and IRF9643 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 


ES 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic Ss 
package. 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRF9640 IRF9641 IRF9642 IRF9643 UNITS 
Drain-Source Voltage (1) ....... cece ee ee cence cece eens Vos -200 -150 -200 -150 V 
Drain-Gate Voltage (RGS = 20K) (1)......... ee eee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
09 Ca researc ar wis ined Seeds a eben anaoehk ID -11 -11 -9 -9 A 
NCH 1000S sel nose w ni acnarneacaiadalse ce peeaecirs Ip -7 -7 -6 -6 A 
Pulsed Drain Current (3) sions cs kes ce ewe scene esas ewan IDM -44 -44 -36 -36 A 
Gate-Source Voltage: iiss cise dewtc cee edi ho ree asian Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ........ 0... cece eee e ee eenee Pp 125 125 125 125 W 
(See Figure 14) 
Linear Derating Factor........c.cccccccceccuceceecucecuas 1 1 1 1 W/°G 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............06. Eas 790 790 790 790 mJ 
Operating and Storage Junction ............2 eens TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 °C 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Vpp = SOV, Start Ty = +25°C, L = 9.8mH, Rg = 250, Peak IL = 11A 


(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications IRF9640, IRF9641, IRF9642, IRF9643 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX Jj UNITS 
Drain-Source Breakdown Voltage BVposs_| VGs=OV, Ip = -250yA 
IRF9640, IRF9642 . Vv 


IRF9641, IRF9643 -150 | - | - | 
Vosqn =| 40 
icss [=| =500-|aa 
icss -_= | 00 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vag = OV | - | -250 | 

Vps = Max Rating x 0.8, Ves = OV, -1000 yA 
Ba heed 

On-State Drain Current (Note 2) ID(ON) | YDS> !D(ON) X DS(ON) Max, Vgg =-10V re 

IRF9640, IRF9641 -11 

IRF9642, IRF9643 | oo | 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9640, IRF9641 


IRF9642, IRF9643 


Forward Transconductance (Note 2) Os Vps > !IpION) X DS(ON) Max: !p = -6A 
Input Capacitance GS = OV, Vps = -25V, f = 1.0MHz 


TDS(ON) | VGS =~-10V, Ip =-6A 


V 
S) 


a Q1OloO 
9 DIP |® 
a lo 1? 


Output Capacitance ee Figure 10 

Reverse Transfer Capacitance 

Turn-On Delay Time Vpp =0.5 BVps¢, Ip = -11A, Rg = 9.12 

See CSE oe nonce eae 

- are essentially independent of operating 

Turn-Off Delay Time temperature.) 
Fall Time tf | 29 | 2 
Total Gate Charge V6s =-10V, Ip =-11A, Vps = 0.8 Max 70 AT rs 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. = a 
Gate-Source Charge a baa fee is ae independent of nC < = 
Gate-Drain (“Miller”) Charge oe C o 
Internal Drain Inductance Measured from the Modified MOSFET nH O. = 
contact screw ontab | symbol showing the a. 


to center of die. internal device 
inductances. 


Measured from the 
drain lead, 6mm 

(0.25") from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from pkg. to 
source bonding pad. 


Ss 


Internal Source Inductance 


pa) 


oz) 
as <a) 


r 
” 


a| a 
ot = 5 fa 
010 


a ° 


Junction-to-Case OC/W 
Mounting surface flat, smooth and greased 
Junction-to-Ambient Roya | Typical socket mount OC/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET i 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


n 


‘ay —_ 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


To = +259C, lg =-11A, Vag = OV 
Ty = +150°C, Ip =-11A, dif/dt = 100A/ys 


Vsp 
ter 


= 
@) 


Tj = +1500G, If =-11A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +259C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 9.8mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Re = 25, Peak ly = 11A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9640, IRF9641, IRF9642, IRF9643 


Vos: #!Dion) * Ros(on)max. 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


IRF 9642, "9643 Sai Zi Ro - 
tJ mee. sco 


Tre ~ me Nanis a a maees 
TA latly fy COC} eS ee 


wa 
CETTE NTR wits 


moet 
PATH TNT pyro me 
A_| OPERATION IN THIS AREA tI INF 100 ms | {||| 


0 FS LIMITED BY R 
-s- OB Sarees 


Ip. ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


Ty = 150°C MAX. nconat 9643 Cott 


Hane ith 


SINGLE PULSE —{-4!RF9640, 9642—goq_ | | III 


-10 -2 -5 -10 -20 -50-100 -200 -500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Seo p ances 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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i sev el aah aaa 
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ae leer Cae 

N S =a | 
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== °. =a a 

ot os 5 aes CD Me eo ate 

2 = 0.05 = — 2 Saas 4 ty 

2 = SINGLE PULSE (TRANSIENT | 11 mz EDU LACT OR Oe a5: 

S02 el ELE a ect mel aa 2. PER UNIT BASE = Rinyc = 1.0 DEG. CW. 
eg 5 Se a a 90 See tichedeii 

001 


10-5 2 5 04 = 2 5 10-3 2 5 10-2 2 5 19-1 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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gj, TRANSCONDUCTANCE (SIEMENS) 


IRF9640, IRF9641, IRF9642, IRF9643 


~ 100 


NEGATIVE Ing, REVERSE DRAIN CURRENT 
(AMPERES) 


“-0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -16 -18 


-10 -20 -30 -40 -50 NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Ip, ORAIN CURRENT (AMPERES) 92GS-44170 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


C, CAPACITANCE (pF) 


P-CHANNEL 
POWER MOSFETs 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-80 -40 0 40 80 120 160 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 18 


Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 20 40 60 80 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9640, IRF9641, IRF9642, IRF9643 


-15 

_ 08 
ny 

= 

= 07 

2 a 

3° = <tey 9641 
< _— 

s Pande = IRF9642, oe 

> 4a = 

: Ea 7a 

5 faery | Tt TT TT 

i= 

wz 0.2 -Ros(on) MEASURED WITH CURRENT PULSE OF ee 
a 5 us PULSE DURATION. INITIAL Ty = 25°C. edbtadl 

(HEATING EFFECT OF Sus PULSE IS MINIMAL) | | | 
0 -10 -20 -30 -40 -50 -60 -70 0 100 150 
Ip. ORAIN CURRENT (AMPERES) Te. nee TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
'p 
{ ovi | 
Ves =-10V 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


Pp. POWER DISSIPATION (WATTS) 


0 50 100 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 


BVoss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT ~Vos 
REGULATOR § ©) (ISOLATED 
SUPPLY) 


SAME TYPE 
AS 


FT O+Vpns 
| iG Ip 
CURRENT CURRENT 
VARY tp TO OBTAIN SAMPLING SAMPLING 
REQUIRED PEAK I, RESISTOR RESISTOR 


92CS-43280 : 92CS-43281 


Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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IRFD9110 
IRFD9113 


| Avalanche Energy Rated 
August 1991 P-Channel Power MOSFETs 


i HARRIS 


Features Package 
4-PIN DUAL-IN-LINE 
e -0.6A and -0.7V, -6OV and -100V TOP VIEW 


* TDS(ON) = 1-2© and 1.62 
e Single Pulse Avalanche Energy Rated 


¢ SOA is Power-Dissipation Limited SOURCE 


Pry DRAIN 
e Nanosecond Switching Speeds 


; arse GATE 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Terminal Diagram 
The IRFD9110 and IRFD9113 are advanced power MOSFETs 


designed, tested, and guaranteed to withstand a specified level P-CHANNEL ENHANCEMENT MODE 
of energy in the breakdown avalanche mode of operation. 

These are p-channel enhancement-mode silicon-gate power D 

field-effect transistors designed for applications such as 

switching regulators, switching converters, motor drivers, relay 

drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and Jow gate-drive power. G 

These types can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. S 


P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (TG = 25°C) Unless Otherwise Specified 
IRFD9110 IRFD9113 UNITS 


Drain-SOurGe VOlade (1) oes oui wieiine cease Pa etna wee teen eeeewk< Vos -100 -60 V 
Drain-Gate Voltage (RG@S = 20KS1) (1) 2. caw cccs cee nsewa tases tensensnendas VDGR -100 -60 V 
Continuous Drain Current 
NOS 25° Crk cade phi baw pes ae sxuenetav es Poel eso Demag sowed sagayyeen Ip ~0.7 -0.6 A 
Pulsed Drain Ourrents <scccssew es eawae teehee eV eee ieee et bbe eee Weer ae as IDM -3.0 -2.5 A 
Gate=Source Voltage: vicviccgiiese ve esae etwas tiesidelcesde wae tae oweaience Vas +20 +20 V 
Maximum Power DISSIDALION 60s nis Canines aaa derae PR alee eee Re ewe Pp 1.0 1.0 W 
(See Figure 13) 
Linear Deratvig Factor... cstcw scene tian gevan eae eware tas Se cde e ee Cea ae eases 0.008 0.008 W/°C 
(See Figure 13) 
Single Pulse Avalanche Energy Rating (3)........ccccece eee ee eee eeeeeeeeenes Eas 190 190 mJ 
Operating and Storage JUNCTION... 0... ccc cece cece eee e erence eeeees TJ, TSTG -55 to +150 -55 to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ......... cece cece ee ee eect eee eeees TL 300 300 °C 
(0.063" (1.6mm) from case for 10s) 


NOTES: 
1. Ty = 25°C to 150°C 3. Vpp = 25V, Start Ty = +25°C, L = 582mh, Rg = 252, Peak I, = 0.7A 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% Meron Went ure 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Copyright © Harris Corporation 1991 


5-95 


Specifications IRFD9110, IRFD9713 — 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


. LIMITS 
__ CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = -250yA Peel 2 Ate deve! 
-100 Vv 


IRFD9110 


IRFD9113 es ee eae Se) 
Gate Threshold Voltage Va@s(tH) | VpS=Ves, Ip =-250nA | -20 | - | -40 | Vv | 
Gate-Source Leakage Forward _ igss__| Vas =~20V [= [| - | -500 | nA | 
Gate-Source Leakage Reverse less |Vqsg=20V | - [{ - | 500 | nA | 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV | = | - | -250 | nA | 

Vps = Max Rating x 0.8, Vas = OV, HA 
To = +12509C 
On-State Drain Current (Note 2) ID(ON) | VDS> !D(ON) x DS(ON) Max, Vgg = -10V 

IRFD9110 -0.7 A 

IRFD9113 a ee ee 
Static Drain-Source On-State TDS(ON) | VGS =-10V, Ip = -0.3A 
Resistance (Note 2) 

IRFD9110 1.0 1.2 Q 

IRFD9113 ee ee ee 
Forward Transconductance (Note 2) } gfs | Vpg < 50V, Ip =-0.6A | 069 | 088 | - | S(25) 
Input Capacitance Ciss | Vas = OV, Vps = -25V, f = 1.0MHz | - | 180 J] - | pF | 
Output Capacitance Coss_| See Figures =| 8s _[ - | oF | 
Reverse Transfer Capacitance Crss | = [| 30 | - | pF | 
Turn-OnDelaytime | taon) |Vpp=05,Ip=0.7A, Ag =0.10 a a 
Rise Ti See Figure 16. (MOSFET switching times 30 

eialihes - Reece are essentially independent of operating ee ee ae 
Turn-Off Delay Time td(OFF)_| temperature.) | - | 20 | 40 | ns | 
Fall Time [= [2040 [ns 
Total Gate Charge VGS =-10V, Ip = -0.7A, Vps = 0.8 Max 11 . 15 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge a (Gate charge is essentially independent of ae oe 


operating tem perature.) 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


3 
.@) 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


= 
< 


Measured from the 
drain lead, 2.0mm 

(0.08”) from header 
to center of die 


Measured from the 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 
pad. 


I~ 
Ss 


Internal Source Inductance 


rr 
” 


3 


Junction-to-Ambient Typical socket mount 


Source Drain Diode Ratings and Characteristics 
Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
ecole ne P-N junc. rectifier. G 
Ss 


(Body Diode) (Note 3) 

Diode Forward Voltage (Note 2) Vsp_ | 1G =+259C, Ig = -0.7A, Ves = OV 
Reverse Recovery Time trr Ty = +150°C, Ip =-0.7A, dif/dt = 100A/us 
Reverse Recovered Charge | QrrR_ | Ty=+1509C, Ir =-0.7A, di/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


RoJA 


= oO 


NOTES: 1. Ty = +25°C to +150°C 3. Vop = 25V, Start Ty = +25°C, L = 582mH, Rg = 252, Peak I, = 0.7A 
2, Pulse Test: Pulse width < 300s, Duty Cycle < 2% (See Figures 1and1s) 


5-96 


IRFD9170, IRFD9113 
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Vps:; DRAIN-TO-SOURCE VOLTAGE vere 


150 °C MAX 


—0.021 Reyc= 120°C/W 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


80 us PULSE TEST 
SINGLE PULSE 


Ty 


Fig. 2 - Typical Transfer Characteristics 
Fig. 4 - Maximum Safe Operating Area 
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Fig. 1 - Typical Output Characteristics 


Fig. 3 - Typical Saturation Characteristics 
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80 us PULSE TEST 
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Vsp: SOuReestO onal VOLTAGE (VOLTS) 


Fig. 6 - Typical Source-Drain Diode Forward Voltage 
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92CS-43268 


Fig. 5 - Typical Transconductance Vs. Drain Current 
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Fig. 8 - Normalized On-Resistance Vs. Temperature 


Fig. 7 - Breakdown Voltage Vs. Temperature 
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Fig. 10 - Typical Gate Charge Vs. Gate-to-Source Voltage 


Fig. 9 - Typical Capacitance Vs. Drain-to-Source Voltage 
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Fig. 12 - Maximum Drain Current Vs. Case Temperature 


Fig. 11 - Typical On-Resistance Vs. Drain Current 
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IRFD9110, IRFD9113 


20 40 60 80 100 120 140 160 
Ta, AMBIENT TEMPERATURE (°C) 


92CS-43287 


Fig. 13 - Power Vs. Temperature Derating Curve 
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Fig. 16 - Switching Time Test Circuit - 
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VARY tp TO OBTAIN 
REQUIRED PEAK I 


92CS-43278 


Fig. 14- Unclamped Inductive Test Circuit 
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Fig. 15 - Unclamped Inductive Waveforms 
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Fig. 17 - Gate Charge Test Circuit 
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POWER MOSFETs 


IRFD9120 
IRFD9123 


| Avalanche Energy Rated 
August 1991 P-Channel Power MOSFETs 


a} HARRIS 


Features — Package 


° -1.0A and -0.8V, -60V and -100V 4-PIN DUAL-IN-LINE 


TOP VIEW 
* YDS(ON) = 9.62 and 0.82 
¢ Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited SOURCE 
Tne ts DRAIN 
¢ Nanosecond Switching Speeds 
; | tas GATE 
e Linear Transfer Characteristics 
¢ High Input Impedance 
Description : 
- Terminal Diagram 
The IRFD9120 and IRFD9123 are advanced power MOSFETs - 
designed, tested, and guaranteed to withstand a specified level P-CHANNEL ENHANCEMENT MODE 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power D 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. G 
These types can be operated directly from integrated circuits. 
The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. S 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFD9120 IRFD9123 UNITS 

DraivizSOurce VONEG6 1) oie iic ces iees ¥ 9G 8 F4E Pe RA hee eR ea wows Es Vos -100 -60 Vv 
Drain-Gate Voltage (RGS = 20K) (1)... cece cece eect eee reenter eneeees VDGR -100 -60 V 
Continuous Drain Current 

MG S269 Cuan aed nete tet edie b ea lake encra twat sinalhonuateuteeranaaes ID - -1.0 -0.8 A 
Pulsed Drain Current (S) io cosine os 6806 ede hn sGee wed eed caw a es FEW Cea ene ns IDM -8.0 -6.4 A 
Gate=Source VONAGE oi beseech ieee ke reese baw ae ACCT eewe Maaco eeu ea Ves +20 +20 V 
Maximum Power Dissipation ...........ccese cee rene r cers cer esse ceseccessse Ph) 1.0 1.0 W 

(See Figure 13) 
Linear Deratiig: Factors <cciinaes ie wind enh ees endear edewaws eacenaviaiee va 0.008 0.008 W/°C 

(See Figure 13) | . 
Single Pulse Avalanche Energy Rating (4). ....... cess cee c ere ce cee ee ee eaeee Eas 370 370 mJ 
Operating and Storage JUNCTION ..... cece cece eee e eee ee ete etree nnes TJ, TSTG -55 to +150 ~55 to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ......... 0. cece cece cette nee eneeees TL 300 300 vl @) 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C | 4. Vpp = 25V, Start Ty = +25°C, L = 555mH, Rg = 252, Peak IL = 1.0A 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% Peer aues taney) 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9285 
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Specifications 1[RFD9120, IRFD9123 


Electrical Characteristics Tc = +259C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas =OV, Ip =-250pA 
IRFD9120 -100 V 


IRFD9123 


Gate Threshold Voltage VascH) | Vos=Ves, Ip =-250pnA 
Gate-Source Leakage Forward lass |Vq@s=-20V nA 
Gate-Source Leakage Reverse lass |VGgs=20V | 500 | n 


Zero Gate Voltage Drain Current Ipss__| Vpsg = Max Rating, Vgs = OV uA 
Vps = Max Rating x 0.8, Vgs = OV, 
To =+1250C 


On-State Drain Current (Note 2) 
IRFD9120 
IRFD9123 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD9120 


IRFD9123 - 


Forward Transconductance (Note 2) Vps < 50V, lp = -0.8A 1:2 
Input Capacitance Ciss Vas = OV, Vos = -25V, f = 1.0MHz 300 


DS(ON) | VGS =-10V, Ip = -0.8A 


Output Capacitance Coss | See Figure | 200 | Dp 
Reverse Transfer Capacitance Crss | 50 | p 
Turn-On Delay Time Vop =0.5, Ip = 1.0A, Rg = 9.19 | 25 | 50 | 
See Figure 16. (MOSFET switching times 50 100 
- ee are essentially independent of operating | 50 | 100 | 
Turn-Off Delay Time td(OFF)_| temperature.) | 50 


Total Gate Charge Loe 
(Gate-Source + Gate~Drain) 

[Gate-SourceGharge_———=«d(t'~—Cgs 
[Gate-Drain ("Miller") Charge | ga _ 


Internal Drain Inductance | 


Lp 
Ls 


VGs =-10V, Ip = -1.0A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the Modified MOSFET 
drain lead, 2.0mm symbol showing the 
(0.08") from header __| internal device 

to center of die inductances. 


Measured from the 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 

pad. 


Internal Source Inductance 


Junction-to-Ambient 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Vsp To = +259C, Ig = -1.0A, Veg = OV 
ter Ty = +1509C, If =-4.0A, dif/dt = 100A/us 


Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


Late 
| OAR | T= +1509C, Ip =-4.0A, di¢/dt = 100A/us_| 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 555mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal! Rg = 252, Peak I, = 1.0A (See Figures 14 
Duty Cycle < 2% Impedance Curve (Figure 5) and 15) 
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P-CHANNEL 
POWER MOSFETs 


IRFD9120, IRFD9123 


ip, ORAIN CURRENT (AMPERES) 


Ig, ORAIN CURRENT (AMPERES) 


“PT TT ae 
PoC ieee leg fe 
40 
Ele tacts Isles) ef len 3 
ww 
« 
aad 
sees Eo : 
“30 = 
— 
et a : 
as 
« 
« 
PH] 
Pee eae : 
-2.0 z 
Pet dy tet ey yt : 
« 
(| 
(oe Ee Ee a 2 
-1.0 ao CED ANGST CE MEE OS ee 
0 
0 -10 -20 -30 -40 -50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
a 10 IRFD9120 st — tt 
-5.0 af : ieriiy 
: Mi mhn 
Tt Ht i TT 
_ eerste ST NTE Tt 
gq ~*0 WAT 
co Bay 100 Hs 
ics = FEEN 1 ms = 
= a 0000 ame amen 
< -0.5 %, HP tl mmEE 
ASL Mt I 
a ; SS 
WwW 
c -02 
3 
2 -0.1 @aet 
é = 
a -9.05 try 7 
a 
re tH Ty = 150°C MAX. 4 mast 
-0.01b tll Wiyoc tf} LL 
1A oo 
- 0.005 Cio HEH IRFO9123 FH tert Hf 1aF09120 FH 
-05-10 -2  -5 -10 -20 -50-100-200 ~500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44202 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


00 us PULSE TEST 
Vos > 'pton) * Rosion) max. 


He: TRANSCONDUCTANCE (SIEMENS) 
NEGATIVE Ipp, REVERSE DRAIN CURRENT 
(AMPERES) 


-0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -16 -1.8 
NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
ip. ORAIN CURRENT (AMPERES) 92GS-44168 


Fig. 5 - Typical transconductance vs. drain current. Fig. 6 - Typical source-drain diode forward voltage. 
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IRFD9120, IRFD9123 


ORAIN-TO-SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 


BVoss 


-60 80 100 120 140 


oe JUNCTION TEMPERATURE (°C) 
Fig. 7 - Breakdown voltage vs. temperature. 


Ciss = Coy + Cog, Cds SHORTED 
t= 1MH2 Cras * Cod 


Coss = Cys + 


C, CAPACITANCE (pF) 


as a Pea 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 9 - Typical capacitance vs. drain-to-source voltage. 


Rps(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


i. ORAIN eae eee 


Fig. 11 - Typical on-resistance vs. drain current. 
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Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, ee ache) (9C) 


Fig. 8 - Normalized on-resistance vs. temperature. 


Ip = -4A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


P-CHANNEL 
POWER MOSFETs 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qy. TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical gate charge vs. gate-to-source voltage. 


Ip. DRAIN CURRENT (AMPERES) 


Ta. AMBIENT TEMPERATURE (°C) 


Fig. 12 - Maximum drain current vs. case temperature. 


IRFD9120, IRFD9123 


Pp. POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Ta. AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power vs. temperature derating curve. 


Rp 


OUT x 
tp RG + 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43280 


Fig. 16 - Switching time test circuit. 
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tp 
{ ovl | 
Ves=—-10V , 


—_ 


VARY tp, TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 14 - Unclamped inductive test circuit. 


BVpss 


92CS-43279 


Fig. 15 - Unclamped inductive waveforms. 


CURRENT -Vos 
REGULATOR & O (ISOLATED 
SUPPLY) 


SAME TYPE 


ma) O+Vos 
Ig 'p 


CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 


92CS-43281 


Fig. 17 - Gate charge test circuit. 


™ HARRIS IRFD9220 
IRFD9223 


Avalanche Energy Rated 
August 1991 7 P-Channel Power MOSFETs 


Features Package 
4-PIN DUAL-IN-LINE 
e -0.45A and -0.6V, -150V and -200V TOP VIEW 


* TDS(ON) = 1.52 and 2.40 


e Single Pulse Avalanche Energy Rated 


e SOA is Power-Dissipation Limited SOURCE 


DRAIN 
¢ Nanosecond Switching Speeds 


. Mesa GATE 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 

The IRFD9220 and IRFD9223 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


D 


The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 


P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRFD9220 IRFD9223 UNITS 
Drain=Source Voltage (1), 4.0%.3.0%-< vescceea eae Ve doen e eh aSaetenew eer eases Vos -200 -150 V 
Drain-Gate Voltage (RGS = 20K) (1)... cee eee ee cee etree eee eeeeee VDGR -200 -150 V 
Continuous Drain Current 
T= 2599S 2s ideo conve anew ee nee tau taal aia ei eee Sees wanes Ip -0.6 -0.45 A 
Pulsed Drain Curent (3) 324 \.cesacan nets wiemis Hieeeinse Vodou buat emma ares IDM -4.8 -3.6 A 
Gale= Source Volade isles wccliesaeente remo einn yearmeey ah eomerer a Bee Ves +20 +20 Vv 
Maximum Power DISSIDAlON 6:66:05: 400 sete awdeses sone eens a Gee stews Pp 1.0 1.0 WwW 
(See Figure 13) 
Linear Derating PaGtorsius atest tiwi Sas Ras weess teed io wwee Gita wad dees eae awe 0.008 0.008 W/°C 
(See Figure 13) 
Single Pulse Avalanche Energy Rating (4)........ cc cc ccc ccs e reece cseeceees Eas 290 290 mJ 
Operating and Storage JUNCTION ...... cece ccc e cece eee e ee ee nee eeeeens TU, TSTG -55to+150 -55to+150 oC 
Temperature Range | 
Maximum Lead Temperature for Soldering ........ 2c cece cece eee e erase ee eenees TL 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = 25V, Start Ty = +25°C, L = 1210mH, Rg = 250, Peak IL = 0.6A 


2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% (See Figuice ty ane st2) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) , 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2286 
Copyright © Harris Corporation 1991 
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Specifications IRFD9220, IRFD9223 


‘Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


| 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source. Breakdown Voltage BVpss__| Vas= O"V, Ip = -250ynA 
IRFD9220 


IRFD9223 


Vos =Ves, Ip = -250A [-20 |_- | «0 [| v_ 
[Gate-Source Leakage Forward | lass [Ves=-20v.————SCS ~~] = | 800 |r 
[Gate-Source LeckageReverse | Iass |Vas=20V_|_- | - | 500 | _na_ 


fe 


Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Ves = OV | - | - | -250 | pA | 
Vps = Max Rating x 0.8, Vqgs = OV, -1000 pA 
: To = +1259C 
On-State Drain Current (Note 2) 
IRFD9220 A 
inFDO22S ross [ - | - | A 
Static Drain-Source On-State Ves =-10V, Ip = -0.3A 
Resistance (Note 2) 
IRFD9220 1.0 1.5 2 
inFDOz2G = ses [24 [a 
Pos [10 | - | SO) 
Vas = OV, Vps=-25V, t= 1.0MHz ee Ee 
See Figure 9 
Saas eae Ge a a 
ee ee ee ae 
Vpp =05,lp =0.8A,Ag=9.10 P= | is | 40 | ns | 
See Figure 16. (MOSFET switching times 
are essentially independent of operating ee ee ee oe 
temperature.) ee ee 
| - | 50 | 75 | | ons | 
Total Gate Charge Vas =-10V, Ip = -0.6A, Vps = 0.8 Max 16 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te- h ; (Gate charge is essentially independent of 10 nC 
Gate-Source Charge RRS) Team peeiteibeal rere : el ieee Ce ee 
Gate-Drain (“Miller”) Charge | Qga | ee OE ek eee Boe 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
drain lead, 2.0mm 

(0.08") from header 
to center of die 


Measured from the 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 

pad. 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Ambient 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


To = +25°C, Is = -0.6A, Vgg = OV 
Tj = +1500G, Ir =-0.6A, di¢/dt = 100A/us 


Ty = +150°C, If = -0.6A, dif/dt = 100A/us 


Forward Turn-on Time. Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 1210mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak I, = 0.6A (See Figures 14 
Duty Cycle < 2% Impedance Curve (Figure 5) and 15) 
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IRFD9220, IRFD9223 


80 us PULSE TEST 


Vos > pion) * 
RoS(on) max. 
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Ip, ORAIN CURRENT (AMPERES) 


0 -10 -20 -30 -40 -50 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


FF OPERATION IN THIS AREA IS LIMITED 
IRFO9220 SBCA BSesitian wammweesss | 
and se etneudiomea amadmsales do ot ewe” 


ape] com hom doasnall: om) 
P-L 
aaa A 
Pe A 


or cae ose 
-05—_- Hea 
ll emma: = a 


—) eT 
cc! s -= ‘ 
am eam e Van mee 
= oe 
8 aeea Gee. VUmnestiims oss 


ea 
wae 
CTS oo 
-o2t-Lit, = 1s0ec max. TT CN EY 
iy OE 111 ee 
oon SINGLE PULSE TN a 


Ip, DRAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


POWER MOSFETs 


-0.2 - 1.0 - 10 - 100 - 500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 92GS-44203 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


80s PULSE TEST 
Vos *'Dton) * RoSton)max. 


ys. TRANSCONDUCTANCE (SIEMENS) 


NEGATIVE Ip, REVERSE DRAIN CURRENT 
(AMPERES) 


"-0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -1.6 -1.8 
NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44169 
Fig. 5 - Typical transconductance vs. drain current. Fig. 6 - Typical source-drain diode forward voltage. 


Ip. DRAIN CURRENT (AMPERES) 
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IRFD9220, IRFD9223 
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Ty, JUNCTION TEMPERATURE (°C) 
Fig. 7 - Breakdown voltage vs. temperature. 


C, CAPACITANCE (pF) 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 9 - Typical capacitance vs. drain-to-source voltage. 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


eee Oe 


eget 
EEE 7 


——aT 
VGs = 


RDS(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 11 - Typical on-resistance vs. drain current. 


ROS(on), ORAIN-TO-SOURCE ON RESISTANCE (NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 17 
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3 Vos = -160V, IRFD9220 NVR 
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Qg. TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical gate charge vs. gate-to-source voltage. 
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raise e ee SeSE 
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Ip. ORAIN CURRENT (AMPERES) 


Ta. AMBIENT TEMPERATURE (°C) 
Fig. 12 - Maximum drain current vs. case temperature. 
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Pp. POWER DISSIPATION (WATTS) 


Ta, AMBIENT TEMPERATURE (°C) 


IRFD9220, IRFD9223 


Fig. 13 - Power vs. temperature derating curve. 


Vos =-10V 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Fig. 16 - Switching time test circuit. 


92CS-43280 
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tp 
{ ov | 
Vgs=7-10V 


a 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 14 - Unclamped inductive test circuit. 


BVpss 


92CS-43279 


Fig. 15 - Unclamped inductive waveforms. 


CURRENT -Vps 
REGULATOR & O (ISOLATED 
SUPPLY) 


SAME TYPE 


POWER MOSFETs 


of ic Io 


CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 


92CS-43281 


Fig. 17 - Gate charge test circuit. 


™M HARRIS IRFF9120, IRFF9121 
IRFF9122, IRFF9123 


Seale Energy Rated 


August 1991 P-Channel Power MOSFETs 
Features | Package 
TO-205AF 
e -3.5A and -4A, -60V and -100V BOTTOM VIEW 
* TDS(ON) = 9.602 and 0.800 
. GATE 
¢ Single Pulse Avalanche Energy Rated SOURCE 
¢ SOA is Power-Dissipation Limited v 
e Nanosecond Switching Speeds DRAIN 
e Linear Transfer Characteristics (CASE) 


e High Input Impedance 


esCHntien | Terminal Diagram 

The IRFF9120, IRFF9121, IRFF9122 and IRFF9123 are 

advanced power MOSFETs designed, tested, and guaranteed P-CHANNEL ENHANCEMENT MODE 
to withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFF9120 IRFF9121 IRFF9122 IRFF9123 UNITS 


Drain-Source Voltage (1) ....... cc cece ccc nec c ee eees Vos ~100 ~60 -100 -60 V 
Drain-Gate Voltage (RGS = 20kKQ) (1)... ... cece renee VDGR -100 -60 ~100 -60 V 
Continuous Drain Current 
TO 250 C es Sih cannes tenets eens een abees Suse Nes Ip -4 -4 -3.5 -3.5 A 
Pulsed Drain Current (3) .......cccccccccccccccsccccces IDM -16 -16 -14 -14 A 
Gate-Source Voltage ........cescccccncsececescecece Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ..........00cc cence ceeeeene Pp  =—20 20 20 20 W 
(See Figure 14) 
Linear Derating Factor........c.cccccceccececcceecvecvecs 0.16 0.16 0.16 0.16 W/9G 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)...........006. Ess 370 370 370 370 mJ 
Operating and Storage Junction ...........c0eceee Ty, TsTG ~-55to+150 -S5to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ...........00.- TL 300 300 300 300 ole: 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +259C to +1509C | 4. Vop = 25V, Start Ty = +25°C, L = 34.7mH, Rg = 25, Peak IL = 4.0A 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% mee egies 1S:8n.19) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2287 
Copyright © Harris Corporation 1991 
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Specifications [RFF9120, IRFF91217, IRFF9122, IRFF9123 


Electrical Characteristics Tc = +259C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip =-250yuA 
IRFF9120, IRFF9122 


IRFF9121, IRFF9123 


Gate Threshold Voltage VesctH) | Vos =Ves:, !p = -250pnA 
Gate-Source Leakage Forward Iess. | Vas = -20V 
Vas = 20V 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
To =+1259C 


VDS > !D(ON) X DS(ON) Max, Vgg = -10V 


Gate-Source Leakage Reverse Ias 


Zero Gate Voltage Drain Current Ipss 


6?) 


On-State Drain Current (Note 2) 
IRFF91 20, IRFF9121 
IRFF91 22, IRFF9123 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF91 20, IRFF9121 


IRFF91 22, IRFF9123 


ID(ON) 


'DS(ON) 


E1AIOlG 
0 12 19 la 
In |? 
ZIM 1H | 


ed 

peel 

ad 

VGs =-10V, Ip =-2A — 
| el 
Eel 

al 

el 

Riedl 

eee 

aay 

ee 


Forward Transconductance (Note 2) Vos = DION) X DS(ON) Max Ip =-2A 2 
Input Capacitance Va@s = OV, Vps = -25V, f = 1.0MHz 300 | - | 
Output Capacitance See Figure 10 | 200 | - | 
Reverse Transfer Capacitance ee ee 
Turn-On Delay Time Vpp =0.5 BVpss¢, Ip = -4A, RG = 9.19 S20. 60. 7) 
Rise Time t See Figure 17.(MOSFET switching times 50 100 
Turn-Off Delay Time td(OFF)_| temperature.) 
Fall Time P50 | 100_| 
Total Gate Charge Vas =-10V, Ip =-4A, Vps = 0.8 Max 16 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of nC 
pee Ghar fee OBS actions toe ae ae ee ee 

Gate-Drain ("Miller") Charge | Qgd Oe) (a A 
Internal Drain Inductance Lp Measured from the Modified MOSFET nH 

drain lead, 5mm symbol showing the 

(0.2”) from header internal device 

to center of die. inductances. 
Internal Source Inductance Ls Measured from the 15 nH 

‘ source lead, 5mm 

(0.2”) from header to 

source bonding pad. 
Junction-to-Case | Rec a ae 
Junction-to-Ambient Roya | Typical socket mount po - | = 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET p 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


ISM 
Diode Forward Voltage (Note 2) To = +250C, Ig = -4A, Vgg = OV 
Reverse Recovery Time Ty = +1509C, Ip = 4A, dif/dt = 100A/ps 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Reverse Recovered Charge Ty = +1509C, Ip =-4A, di¢/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


_ 
(ee) 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 25V, Start Ty = +259C, L = 34.7mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252N, Peak I, = 4A (See Figures 15 
Duty Cycle < 2% impedance Curve (Figure 5) and 16) 
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P-CHANNEL 
POWER MOSFETs 


RANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


Zhsc(t)/ Reng. NORMALIZED EFFECTIVE T 


IRFF9120, IRFF9121, IRFF9122, IRFF9123 


rw To i 
ie te es a | 


ak: oe ee 


Lia TLL 
te LA 


Vos > ID(on) * 
-8 


eT ere : 
a = 
a Ly < 
WE 
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IRFF9120, IRFF91217, IRFF9122, IRFF9123 
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Fig. 6 - Typical transconductance vs. drain current. 


BVpss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Nese 


0 160 


Ty, JUNCTION TEMPERATURE (°C) 


ace ee: 


-40 0 


Fig. 8 - Breakdown voltage vs. temperature. 


ee om Cgs Cod 
oss ~ “ds Cos + Cog 
= Cas + Cgq 


C, CAPACITANCE (pF) 


Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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POWER MOSFETs 


IRFF9120, IRFF9121, IRFF9122, IRFF9123 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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Avalanche Energy Rated 
August 1991 _ P-Channel Power MOSFETs 


Features Package 
e -5.5A and -6.5A, -60V and -100V 

* fDS(ON) = 9.302 and 0.402 

e Single Pulse Avalanche Energy Rated SOURCE 


TO-205AF 
BOTTOM VIEW 


GATE 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds DRAIN 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFF9130, IRFF9131, IRFF9132 and IRFF9133 are 

advanced power MOSFETs designed, tested, and guaranteed P-CHANNEL ENHANCEMENT MODE 
to withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 


Terminal Diagram 


Absolute Maximum Ratings (Tc = 259°C) Unless Otherwise Specified 
IRFF9130 IRFF9131 IRFF9132 IRFF9133 UNITS 


Drain-Source Voltage (1)... ... cece ec eee e cet ec eee Vps -100 ~60 -100 -60 V 
Drain-Gate Voltage (RGs = 20K) (1)... 2... eee ee eee VDGR -100 -60 -100 -60 V 
Continuous Drain Current 
CS OPC eo isicle wincate Spain ie p aand Goiade ee teers waite ID -6.5 -6.5 -§.5 ~5.5 A 
Pulsed Drain Current (3) 0.20... -e sce esceecen er eecenes IDM ~26 -26 -22 -22 A 
Gate-Source Voltage: ccccessccvendads svvcee tees ew ens VGs +20 +20 +20 +20 V 
Maximum Power Dissipation .........ccccceee ce eeeeeces Pp 25 25 25 25 W 
(See Figure 14) , 
Linear Derating Factor.........ccccceccccccccccencccceecs 0.2 0.2 0.2 0.2 W/9°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)...........008. Eas 500 500 500 500 mJ 
Operating and Storage Junction ...........eeeeeee Ty TsTG -55to+150 -55to+150 -55to+150 -5S5to+150 ue 
Temperature Range 
Maximum Lead Temperature for Soldering ..............- TL 300 300 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = 25V, Start Ty = +25°C, L = 17.75mH, Rg = 252, Peak I = 6.5A 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% (See Figures 15 and 16) 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 991 6 
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P-CHANNEL 
POWER MOSFETs 


Specifications IRFF9130, IRFF9131, IRFF9132, IRFF9133 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


| | LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | VGs= OV, Ip = -250pA lteoel ce, | ae | 


IRFF9130, IRFF9132 V 
IRFFO131, IRFF9133 ee ae eee 
ECT soe el 
[Gete-Source Leakage Forward | toss [Vag=-200 = 00 
[Gato-Sourcs Leekage Reverse | ass |Vas=20v |= [=] 100 [na 
Zero Gate Voltage Drain Current Vps = Max Rating, Veg = OV | = [| - | -250 | pA | 
Vps = Max Rating x 0.8, Veg = OV, -1000 yA 
gear ~ORNesr™ Te 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max, Vag = -10V fee ee oil we od 
IRFF9130, IRFF9131 A 
inPFOTGS, IRFFOISS Pee a ea 
Static Drain-Source On-State (DS(ON) | VGS =-10V, Ip =- | ce bos | a 
Resistance (Note 2) 
IRFF9130, IRFF9131 0.3 ke} 
inFFOTOO, INFFOTSS ~ Se TACs 
Forward Tensconductance (Note2) | aig [VoS= Ibm R DSM Man =-A | eS | a5 P= 
5 = OV, Vos =-25V, = 10M i 
ce Figure 10 7300 [ = 
00 [= |p 
Frarn-OnBelayTime | taro Von =O BYpag.ip = -85A RG =0.10 <a 


See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 
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Turn-Off Delay Time td(OFF 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 
Gate-Source Charge | Qgs | 


Gate-Drain (“Miller”) Charge 


3 


op) 
son Roe Law 


VGs = -10V, Ip = -6.5A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 
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eect ee 
OR DR ae 
pales Sa 
| Qgd | oe eae 
Internal Drain Inductance Lp Measured from the Modified MOSFET nH 
drain lead, 5mm symbol showing the 
(0.2”) from header internal device 
to center of die. inductances. 
Internal Source Inductance Ls Measured from the , nH 
source lead, 5mm 
(0.2”) from header to 
source bonding pad. 
oS 
Junction-to-Case DGG sa Sa on oe al | = | 5.0 | OCW | 
Junction-to-Ambient ReJA | Typical socket mount oe | 175 OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P~N junc. rectifier. G 
Ss 


Pulse Source Current 
Diode Forward Voltage (Note 2) Vsp To = +259, Is = -6.5A, Vag = OV 


(Body Diode) (Note 3) 
Reverse Recovery Time Ty = +1509C, Ip =-6.5A, di¢/dt = 100A/us 
Reverse Recovered Charge | QrrR | Ty=+150°G, Ip =-6.5A, dif/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


a~ 
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NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +259C, L = 17.75mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25, Peak I, = 6.5A (See Figures 15 


Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRFF9130, IRFF91317, IRFF9132, IRFF9133 
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Fig. 1 - Typical Output Characteristics 
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Fig. 3 - Typical Saturation Characteristics 
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Fig. 2- Typical Transfer Characteristics 
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Fig. 4 - Maximum Safe Operating Area 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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IRFF9130, IRFF9131, IRFF9132, IRFF9133 
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Fig. 6 - Typical Transconductance Vs. Drain Current 


Fig. 7 - Typical Source-Drain Diode Forward Voltage 


Ty, JUNCTION TEMPERATURE (°C) 


(aaZIWWYON) 
B3ONVLSISSY NO 3DYHNOS-OL-Nivuyad (YO)SGy 


0 
Ty, JUNCTION TEMPERATURE (°C) 


(G3ZIIWNYON) 3DVLIOA 
NMOGNVSYE JDUNOS-OL-NIvUG ‘SSdag 


92CS-43306 


92CS-43305 


Fig. 9 - Normalized On-Resistance Vs. Temperature 


Fig. 8 - Breakdown Voltage Vs. Temperature 
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Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 
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IRFF9130, IRFF9131, IRFF9132, IRFF9133 
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Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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Fig. 15 - Unclamped Inductive Test Circuit 


P-CHANNEL 
POWER MOSFETs 
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Fig. 14 - Power Vs. Temperature Derating Curve 92CS-43312 


Fig. 16 - Unclamped Inductive Waveforms 
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Fig. 17 - Switching Time Test Circuit Fig. 18 - Gate Charge Test Circuit 
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‘@ HaRRIS IRFF9220, IRFF9221 
- IRFF9222, IRFF9223 


Avalanche Energy Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
TO-205AF 
e -2A and sem -150V and -200V | BOTTOM VIEW 
° TDS(ON) = 1.502 and 2.4020 . 
e Single Pulse Avalanche Energy Rated SOURCE ~ i 


e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


® High Input Impedance 


Pestipien Terminal Diagram 

The IRFF9220, IRFF9221, IRFF9222 and IRFF9223 are 

advanced power MOSFETs designed, tested, and guaranteed P-CHANNEL ENHANCEMENT MODE 
to withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as_ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power. bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low S 
- Profile TO-39) metal package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
| IRFF9220 = IRFF9221 IRFF9222 IRFF9223 UNITS 
Drain-Source Voltage (1) .......cccceeseeeceeeeeeeees Vps -200 -150 — --200 -150 


V 
Drain-Gate Voltage (RGS = 20k) (1)..........-2. 08 VDGR -200 -150 ~200 -150 V 
Continuous Drain Current 
TG 2O°G vx4 ws ce eta snes need rr er frre ee Ip -2.5 -2.5 -2.0 -2.0 A 
Pulsed Drain Current (3) ........+-0+6: manta sneer lDM -10 -10 -3 -8 A 
Gate-Source Voltage .......-.cccec cece ccccccneseces VGs +20. +20 +20 +20 V 
Maximum Power Dissipation ........0 0c cee ceeeeeeeeeees Pp 20 20 20 20 W 
(See Figure 14) 
Linear Derating Factor....... cc cece ccc c cece eee eee tenees 0.16 0.16 0.16 | 0.16 W/9C 
(See Figure 14) , 
Single Pulse Avalanche Energy Rating (4)...........ee8: Eas 290 290 290 290 mJ 
Operating and Storage Junction ..............008. Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering ............+6. Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vpop = 50V, Start Ty = +25°C, L = 69.6mH, Rg = 250, Peak I = 2.5A 


2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% soae Hautes 1S andl S) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !I.C. handling procedures should be followed. 


File Number 2288 
Copyright © Harris Corporation 1991 
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Specifications IRFF9220, IRFF9221, IRFF9222, IRFF9223 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas = O"V, Ip = -250nA 
-200 Vv 
aan eee ee 


IRFF9220, IRFF9222 
IRFF9221, IRFF9223 


Vos = Vos. Ip =-250nA =20 | - | 40 [| v_ 
[Gate-SourceLeakageFoward | less _[Vas=-20V SS «00 


Measured from the 
source lead, 5mm 

(0.2”) from header to 
source bonding pad. 


Internal Source Inductance 


_ 
n” 


Junction-to-Case A : OC/W 
Junction-to-Ambient Roya | Typical socket mount a ee oe OC /W 


Source Drain Diode Ratings and Characteristics 
Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Vsp To = +259C, Ig = -2.5A, Vas = OV. 
ter ’ : _ 


= 


Ty = +1509C, Ip =-2.5A, dl-/dt = 100A/"s 
Ty = +1509C, IF =-2.5A, die/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 69.6mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak I = 2.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) . 
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Gate-Source Leakage Reverse lass |Ve@s=20vV } = {| = | 100 | mA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | = | - | -250 
Vps = Max Rating x 0.8, Ves = OV, -1000 yA 
To =+1259C 
On-State Drain Current (Note 2) 
IRFF9220, IRFF9221 -2.5 A 
IRFFO222, IRFFO22< 20 | - 
Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9220, IRFF9221 ce) 
IRFF9222, IRFF9223 ee Miche 
Forward Transconductance (Note 2) | gts _—_| Vos > ID(ON) X (DS(ON) Max !p = 1.5A | 1 | 18 [ - | S&) 
Giss_ [Vas =0V, Vos = 25%, f= 1.0MHz =| 350 | - [pF _| 
Coss_|$9° Faure ead 
CRSS 7 en | pF | 
Turn-On Delay Time | taON) | VDD =0.5BVpss.'p=-2.5A,RG=9.12 | - | | ons | 
Rise Time t See Figure 17. (MOSFET switching times 35 50 
ie Lccontmllvindependedofocsating® (fences | seek ee 
Turn-Off Delay Time td(OFF)_| temperature.) | - {| 80 | 120 {_ ns | 
Fall Time | ee en Ce 
Total Gate Charge VGS =-10V, Ip = -2.5Vps = 0.8 Max 16 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charae a (Gate charge is essentially independent of nc 
tes Chara Ogee eter cic ere) eae ee ae ce 
Gate-Drain ("Miller Charge | gq _ a a 
Internal Drain Inductance Lp Measured from the Modified MOSFET 
drain lead, 5mm symbol showing the 
(0.2”) from header internal device 
to center of die. inductances. 


P-CHANNEL 
POWER MOSFETs 


Ip, ORAIN CURRENT (AMPERES) 


IRFF9220, IRFF9221, IRFF9222, IRFF9223 
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Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 
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IRFF9220, IRFF9221, IRFF9222, IRFF9223 
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Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


- 
z 
uj 
« 
x 
2 
oO 
z= 
< 
x 
a 
ud 
2) 
c 
uJ 
> 
ul 
Le 
x 
a 
uw 
= 
kK 
< 
Oo 
Lud 
2 


7) 
ry) 
x 
TT) 
a. 
= 
< 
— 


6 
i 

Ty 
et 
ia 
ae 
ay, 
aaa 4 
va 


RpS(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


- 10 


-1.0 


mHtAN IT 


- 0.1 
-0.4 -06 -0.8 -1.00 -1.2 -1.4 -1.6 -1.8 


NEGATIVE Vop, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
92GS-44169 


Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 18 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRFF9220, IRFF9221, IRFF9222, IRFF9223 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE 1S MINIMAL.) 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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IRFF9230, IRFF9231 
IRFF9232, IRFF9233 


ante Energy Rated 
P-Channel Power MOSFETs 


i} HARRIS 


Features Package 
TO-205AF 
e -3.5A and -4.0A, -150V and -200V BOTTOM VIEW 
* TDS(ON) = 9.8 and 1.200 
GATE 
¢ Single Pulse Avalanche Energy Rated SOURCE 
¢ SOA is Power-Dissipation Limited v 
6) 

e Nanosecond Switching Speeds = DRAIN 

(CASE) 


e Linear Transfer Characteristics 


® High Input Impedance 


Terminal Diagram 
The IRFF9230, IRFF9231, IRFF9232 and IRFF9233 are 


advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low Ss 
Profile TO-39) metal package. 


P-CHANNEL ENHANCEMENT MODE 


D 


P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 259°C) Unless Otherwise Specified 


IRFF9230 IRFF9231 IRFF9232  IRFF9233 UNITS 

Drain-Source Voltage (1) 3.65.04 be vase eden eevetuce Vps -200 -150 -200 -150 V 
Drain-Gate Voltage (RGS = 20kN) (1)...........2.08- VDGR -200 -150 ~200 -150 V 
Continuous Drain Current 

TE = 25°C Aisi wera Su pate es Cheah eme na aes Ip -4.0 -4.0 -3.5 -3.5 A 
Pulsed Drain Current (3) ....... cc cece cece eee cece eenes lom -16 -16 -14 -14 A 
Gate-Source Voltage 2s. le cust nvesiavisesechoases Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ........ 00. c cece eeeeneeeeee Pp 25 25 25 25 W 

(See Figure 14) 
Linear Derating Factor......... ccc ccc cccecccccccccvececes 0.2 0.2 0.2 0.2 W/9C 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............06. Eas 500 500 500 500 mJ 
Operating and Storage Junction ............. 0006. Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 °C 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


4. Vop = SOV, Start Ty = +25°9C, L = 46.9mH, Rg = 252, Peak _ = 4.0A 
(See Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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File Number 


Specifications IRFF9230, IRFF9231, IRFF9232, IRFF9233 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC _| SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss'_ | Vas =OV, Ip = -250pA . 
IRFF9230, IRFF9232 


IRFF9231, IRFF9233 


Gate Threshold Voltage VesctH) | Vos = Vas; Ip =-250uA 
Gate-Source Leakage Forward lass |VGsg=-20V 
Gate-Source Leakage Reverse lass |VaGs=20V 


Zero Gate Voltage Drain Current 


92) 


nA 
n 
HA 


-25 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Tq =+1259C 


Vps > ID(ON) X DS(ON) Max, Vag = -10V 


On-State Drain Current (Note 2) 
IRFF9230, IRFF9231 
IRFF9232, IRFF9233 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9230, IRFF9231 


IRFF9232, IRFF9233 


ID(ON) 


DS(ON) 


oh 
nm 


& 
on 


D 
a 


| -2.0 | 

= 

ae 

aa 

| -35_| 

VGs =-10V, Ip =-2.0A ied 
| hoes 
| 2.2 | 

=e 

boon 

ae 

as 

seal 

aoe 

ae 

lip eetn 


| ! 
= 
Oo Oo 


Forward Transconductance (Note 2) Vps > IDION) X DS(ON) Max Ip = —-2.0A 
Input Capacitance Vas = OV, Vps = -25V, f = 1.0MHz 
Output Capacitance oss | ee Figure 10 170 
Reverse Transfer Capacitance Rss FT 50. p 
Turn-On Delay Time Vpp =0.5 BVpss¢, Ip = -4.0A, Rg =9.12 
Rise Time See Figure 17.(MOSFET switching times 100 
DIRS MDG Seatac le eee wicca hoe Gi [e300] 
Turn-Off Delay Time td(OFF | 50 {| 100 
Fall Time [40 | 
Total Gate Charge Vas =-10V, Ip = -4.0Vps = 0.8 Max 31 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of 18 nc 
earner pgs. operating temperature.) peter 
Gate-Drain (“Miller”) Charge | Qgq | nC 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


< 


Measured from the 
drain lead, 5mm 
(0.2”) from header 


Lp 
to center of die. 


Ls Measured from the 
source lead, 5mm 
(0.2”) from header to 
source bonding pad. 


Internal Drain Inductance n 


Internal Source Inductance 


oS 
Junction-to- Case | Roc [oo 
Junction-to-Ambient Raya | Typical socket mount 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse e 
(Body Diode) (Note 3) P-N junc. rectifier. 
Ss 


Diode Forward Voltage (Note 2) To = +259, Is = -4.0A, Vag = OV 
= 


—_ 
oi 
— 
Lo) | 


“J 


|» 


-16 

-1.5 
Ty = +1509C, If =-4.0A, dig/dt = 100A/us 
Ty = +1509, IF =-4.0A, die/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


Mm 


NOTES: 1. Ty = +25°C to +150°9C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = SOV, Start Ty = +259C, L = 46.9mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25, Peak IL = 4.0A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRFF9230, IRFF9231, IRFF9232, IRFF9233 


Re 


80 us PULSE TEST / 
Vps > !p(on) * RpS(on)MAX. 
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92CS-43308 : 92CS-43309 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction- 
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IRFF9230, IRFF9231, IRFF9232, IRFF9233 


8 


80 uS PULSE TEST 
Vos > !p(on) X Rps(on) max. 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ip 2-8A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Cres = Cgq 
c c 
gs ‘gd 
oss ~ ds * Cos + Cod 


sCqs + Cod 


Vos = —160 V, IRFF9230,9232 
Vos = -100 V4] 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF9230, IRFF9231, IRFF9232, IRFF9233 


Rps(on) MEASURED WITH CURRENT PULSE OF 2.0 nS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 nS PULSE IS MINIMAL) 


a 
my 
x 
uJ 
a 
= 
< 
- 
z 
uJ 
cc 
« 
=) 
) 
= 
< 
eg 
a 
a 


ON RESISTANCE (OHMS) 


Ww 
3) 
« 
> 
(°) 
” 
Oo 
- 
= 
< 
« 
a 
ec 
2 
a 
a 
« 


Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 


92GS-44119 
92CS-43316 


Fig. 12 - Typical on-resistance ys. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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P-CHANNEL 
POWER MOSFETs 


Fig. 15 - Unclamped inductive test circuit. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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Features 
° -19A and -16A, -GOV and -100V 


IRFP9140/P9141 
IRFP9142/P9143 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


* TDS(ON) = 
e Single Pulse Avalanche Energy Rated 


0.202 and 0.300 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP9140, IRFP9141, IRFP9142 and IRFP9148 are ad- 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 


Package 
TO-247 
TOP VIEW 

DRAIN [CO 
Beers 

(TAB) SOURCE 
ibe maress 

on™ GATE 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as _ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 
- Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP9140 IRFP9141 IRFP9142 IRFP9143 UNITS 
Drain-Source Voltage (1 ). aie rr wainaeae ea Gund ed aac Vos ~100 -60. -100 -60 V 
Drain-Gate Voltage (RGS = 20K) (1)......... eee eee VDGR -100 -60 -100 -60 V 
Continuous Drain Current 
NG S20° Csi exe Ver uccusd ware ties trains te benaecedeees lp -19 -19 -16 ~16 A 
TG 1009G: vib oe cd sdaes eter ecaunoriowoved Sa sausas Ip -12 -12 -10 -10 A 
Pulsed Drain Current (3)... ccc cccccecccvecccccnececs IDM -76 -76 -64 -64 A 
Gate-Source Voltage 2.05 esceccwee cess ceceee ens caves Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ......... 0c. c cee cee e ee eeee Pp 150 150 150 150 W 
(See Figure14) 
Linear Derating Factor.......cc ccc cccccccccncccuccecceune 1.2 1.2 1.2 1.2 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)...........005. Eas 960 960 960 960 mJ 
Operating and Storage Junction ............0ee0e- TW, TSTG -55to+150 -55to+150 -55to+150 -55to+150 16: 
Temperature Range © 
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


4. Vop = 5OV, Start Ty = +25°C, L = 4.2mHy, Rg = 25N, Peak IL = 19A 
(See Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. junction pee ewes See 


Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications IRFP9140, IRFP9141, IRFP9142, IRFP9143 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas=OV, Ip = -250ynA he eee 
-100 Vv 


IRFP9140, IRFP9142 
2 ae ee ee 


IRFP9141, IRFP9143 


Vos = Vas, 1p =-250uA 20 | - [40 | v_1 


are essentially independent of operating 
temperature.) 


[Gate-Source LeakageFoward | Igss |Vag=20v SSCS 
[Gate-SourceLeakageReverse | Igss_[Ves=-20V SCS 
Zero Gate Voltage Drain Current Vps = Max Rating, Vag = OV p= | 250 {| pA | 
Vps = Max Rating x 0.8, VEs = OV, 1000 pA 
Lee 
On-State Drain Current (Note 2) Vps > ID(ON) X DS(ON) Max, Vag = -10V ee ae. 
IRFP9140, IRFP9141 ~19 A 
IRFP9142, IRFP9143 ae ae 
Static Drain-Source On-State (DS(ON) | Vas =-10V, Ip =-10A ad ata 
Resistance (Note 2) 
IRFP9140, IRFP9141 0.14 0.20 ce) 
IRFPOTA2, NFPOT4S ae mace 
[Forward Transconduotance (Nowe?) | is |Vos=-S0UIp=-10R_——S~—~—S—Y | | dC 
Vas = 0V, ips =-25V,1= 1 OME =F | 
See Figure 10 570_[| _- | »F_| 
o [=| oF 
| Turn-On Delay Time | ta7on) | Vpp =-50V, Ip =-19A, Rg =9.19 | 20 | 
Rise Time See Figure 17. (MOSFET switching times 65 
70 


Turn-Off Delay Time ta(OFF 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 


oe 
| Qgs | 
| Qgaq__| 
Internal Drain Inductance 


Vas =-10V, Ip =-19A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


3 
@) 


3/45 
e) Te) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between nH 
contact screw on 
header that is closer 
to source & gate 


pins & center of die. 
Measured from the 
source pin, 6mm 

(0.25”) from header& | G 
source bonding pad. o 


Internal Source Inductance 


(oe) 
=] 
= 


fo) er wir} 2] olm/slol=|slalmln 
= Pst Nt NL olN O Q| io 


ie) 


ee ams | on 
Case-to-Sink Rocs _ | Mounting surface flat, smooth and greased | = | SC/w 
Junction-to-Ambient Roja | Free Air Operation OC/w 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


NO 
pare 


! 
—_ 
= 
QO 


Pulse Source Current 
(Body Diode) (Note 3) 
Ty = +259C, Ig =-19A, Vas = OV 


Reverse Recovery Time trr Ty = +259C, Ip = -18A, dif/dt = 100A/ps 


Is 
ISM 
VspD 
Reverse Recovered Charge | QrRR | 


Diode Forward Voltage (Note 2) 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 4.2mHy, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 2529, Peak I, = 19A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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P-CHANNEL — 
POWER MOSFETs 


IRFP9140, IRFP9141, IRFP9142, IRFP9143 


80pys PULSE TEST 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRFP9140R, IRFP91417R, IRFP9142R, IRFP9143R 
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TRANSCONDUCTANCE (SIEMENS) 
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(AMPERES) 
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0 r 16 34 32 40 NEGATIVE Vsgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

NEGATIVE Ip, DRAIN CURRENT (AMPERES) 92GS-44167 

Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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DRAIN-TO-SOURCE ON RESISTANCE 
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Fig. 8 - Breakdown voltage vs. temperature. | Fig. 9 - Normalized on-resistance vs. temperature. 
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FOR TEST CIRCUIT 
SEE FIGURE 16 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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DRAIN-TO-SOURCE ON RESISTANCE 
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Pp. POWER DISSIPATION (WATTS) 


IRFP9140, IRFP9141, IRFP9142, IRFP9143 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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Features 

e -25A, -60V and -100V 

° TDS(ON) = 0.150 

e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP9150 and IRFP9151 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The P-channel IRFP9150 is an approximate electrical 
complement to the N-channel IRF9150. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


IRFP9150 
IRFP9151 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 


TO-247 
TOP VIEW 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


Drain=SOUIGE VONAGE is. bos bas Rose a oe oak sd 0s 008s CN e ke ewe eae 
Continuous Drain Current 


Gate-Source Voltage 
Maximum Power Dissipation 
(See Figure 18) 


evnavoveeeecevenenseeenveevneaemesveesevnseeaseon 


Linear Derating Factors ccisiecs cae an bene Gees poe es kw SS awa Sew awe 
Single Pulse Avalanche Energy Rating (3)..........cescecuccecssceees 


(See Figure 14) 


Avalanche Current (Repetitive or Nonrepetitive)........ 0. ccc wee e eee 


Operating and Storage Junction 
Temperature Range 
Maximum Lead Temperature for Soldering 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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a. 
fon) 
re 
IRFP9150 IRFP9151 UNITS 
ieee Vos -100 -60 V 
pom ere ID -25 -25 A 
eee ID -18 -18 A 
akiee ee IDM -100 -100 A 
re Vas +20 +20 V 
Se eianewn Pp 150 150 W 
Paleiooen wae 1.2 1.2 W/°9C 
si dagiate%s Eas 1300 1300 mJ 
phn lave [AR -25 -25 A 
.TyTsTG  -55to+150 -55to+150 oC 
eran TL 300 300 oC 


3. Vop = 25V, Start Ty = +25°C, L = 3.2mhy, Rg = 25N, Peak IL = 25A 
(See Figures 14 and 15) 


2293 


File Number 


Specifications IRFP9150, IRFP9151 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| VGs= OV, Ip = -250pA 
-100 Vv 
ee ie Bee 


IRFP9150 

IRFP9151 . 
ELLE P-20 [| - | 40 |v 
[Gate-Source LeakageFoward | lags |Ves=-20V._—————*i{_-_|- | -100 | nA 
[Gate-Source LeakageReverse | Iggs_[Vas=20v____| - | - | 100 | nA 


Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vas = OV, 
To =+1259C 


“ 
[=] 


On-State Drain Current (Note 1) Vps > ID(ON) X (DS(ON) Max: VGS = 10V 


0.15 


Static Drain-Source On-State TDS(ON) | VGS =710V, Ip = -10A 
Resistance (Note 1) 
Vps =-10V, Ip =-12.5A 


Ves = OV, Vps = ~25V, f = 1.0MHz 
See Figure 10 


Forward Transconductance (Note 1) 


Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 

Turn-On Delay Time | ta(ON) | Vpp =~5OV, Ip = -25A, Rg = 6.8N, 
i TS ll oe A 

- (MOSFET switching times are essentially 

Turn-Off Delay Time | ta(OF independent of operating temperature.) 

Fall Time 

Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge , 
Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


fo) Ke) 
AA 
In | 


~—_t 
TC 
Tl 


VGS =-10V, lp = -25A, Vps = 0.8 Max 
Rating. See Figures 11 & 19 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


J 


3 


Measured between Modified MOSFET 


rr 
Oo 


contact screw on symbol showing the 
header thatis closer | internal device 
to source & gate inductances. 


pins & center of die. 
Measured from the 
source pin, 6mm 

(0.25”) from header& | G 
source bonding pad. ‘ 


oD 


3 
< 


—_s 
(ee) 


Internal Source Inductance 


Y —_t, 
rik) 


Mounting surface flat, smooth and greased 
Free Air Operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 2 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
tS) 


Diode Forward Voltage (Note 2) Vsp_ | Ty = +259C, Ig = 25A, Vag = OV 
Reverse Recovery Time Ty = +2596, If = 25A, di-/dt = 100A/ps 
Reverse Recovered Charge Ty = +2596, IF = 25A, dig/dt = 100A/us 0.3 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


2) 


oS 


R@JA 


_h 
hh 
| 


2D] 
oa a : 
3 , 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


ISM 
| Vsp_| 
Pt 
ae 


NOTES: 1. Pulse Test: Pulse width < 300us, 2. Repetitive Rating: Pulse width limited by max. 3. Vpop = 25V, Start Ty = +25°C, L = 3.2mhy, 
Duty Cycle < 2% junction temperature. See Transient Thermal Rg = 250, Peak IL = 25A (See Figures 14 
Impedance Curve (Figure 5) and 15) 
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IRFP9150, IRFP9151 
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Fig. 2 - Typical transfer characteristics. 


Fig. 1 - Typical output characteristics. 
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Fig. 4 - Maximum safe operating area. 


Fig. 3- Typical saturation characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance. 
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IRFP9150, IRFP9157 
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Fig. 7 - Typical source-drain diode forward voltage. 


GFSIRFSISOCF1 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 8 - Normalized breakdown voltage vs. temperature. 
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Fig. 11 - Typical gate charge vs. gate-to source voltage. 


Fig. 10 - Typical capacitance vs. drain-to source voltage. 
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IRFP9150, IRFP9157 


Vgs=-10V Vgs=-20V 


ON RESISTANCE [Rds(on)]-—milllOHMS 
DRAIN CURRENT (id)-A 


DRAIN CURRENT (d)-AMPERES CASE TEMPERATURE (Tc]-degC 

RESIRFS1S0CF1 IDIRF9250CF1 

Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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REQUIRED PEAK I 


i; Vpp 
Veg = -10V DUT | 
= tp Vps 


}-=—tp—=| IL 


UNCLAMPED INDUCTIVE TEST CIRCUIT 
92GS-44216 BVpss bed 
— 
92GS-44218 jt us 
iy LL. 
Fig. 14 - Unclamped inductive test circuit. ‘Fig. 15 - Unclamped inductive waveforms. = Ss 
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DUT td (ON) tr td(OFF) tf 
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REQUIRED PEAK 1; + OUTPUT 
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Fig. 16 - Switching time test circuit. Fig. 17 - Switching time waveforms. 
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Fig. 18 - Power vs. temperature derating curve. Fig. 19 - Gate charge test circuit. 
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IRFP9240/P9241 
IRFP9242/P9243 


Avalanche Energy Rated 


fo? HARRIS 


May 1992 P-Channel Power MOSFETs | 
Features Package 
TO-247 
e -10A and -12A, -200V and -150V | TOP VIEW 
* TDS(ON) = 0.502 and 0.72 
e Single Pulse Avalanche Energy Rated DRAIN sees 
e SOA is Power-Dissipation Limited (TAB) 
} ane lL» ss DRAIN | 
e Nanosecond Switching Speeds 
- Ree Giiianeee 
e Linear Transfer Characteristics . f_\ GATE | 


¢ High Input Impedance 


PeSCiPlen Terminal Diagram 

The IRFP9240, IRFP9241, IRFP9242 and IRFP9243 are ad- 

vanced power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic Ss 
package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRFP9240 IRFP9241 IRFP9242 IRFP9243 UNITS 


Drain-Source Voltage (1)... .. es cee cece cece cece eeeees Vps ~200 -150 -~200 -150 Vv 

Drain-Gate Voltage (RGsS = 20K) (1)... 0... eee eee eee VDGR -200 -150 -200 -150 V 

Continuous Drain Current 
TG COP Gis ncnkcncpaiausa Meese eeeve Deeetesnneees Ip -12 -12 -10 | -10 A 
lietem acre n eerie errr ern Teeter eee rer Ip -7.5 -7.5 ~6.3 -6.3 A 

Pulsed Drain: Current (8) sc. )cac annie d See dasieneescuee IDM -48 -48 -40 -40 A 

Gate-Source Voltage ....... cscs ee eee cece eee eneeee VGs +20 +20 +20 +20 V 

Maximum Power Dissipation ......... ccc cece cece neees Pp 150 150 150 150 W 
(See Figure 14) . 

Linear Derating Factor... ccc cece cece cccnccscnvecccece 1.2 1.2 1.2 1.2 W/°C 
(See Figure 14) 

- Single Pulse Avalanche Energy Rating (4).............6. Eas 790 790 790 790 mJ 
Operating and Storage Junction ...........sceeeee TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 

Maximum Lead Temperature for Soldering ............06. TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Ty = +25°C to +1509C . 4. Vop = 5OV, Start Ty = +25°C, L = 8.2mH, Rg = 50N, Peak IL = 12A 

2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% Seq Higures:.12 and 16) 

_ 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2294.1 


Copyright © Harris Corporation 1992 


5-140 


Specifications IRFP9240, [IRFP9241, IRFP9242, IRFP9243 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | Vgqg=OV, Ip =-250pA Desai ce sl cee dt ae 
-200 V 


IRFP9240, IRFP9242 

IRFP9241, IRFP9243 | -150 | - [| - | vi] 
ieesvae io seo a ET 
iGss A 


Gate-Source Leakage Reverse Iass |Vas=-20V A 


Zero Gate Voltage Drain Current Ipss uA 


-1000 | pA 
0.38 


n 
n 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vas = OV, 
Ty = +1259C 


VDS > ID(ON) x (DS(ON) Max, Vgg = -10V 


On-State Drain Current (Note 2) 
IRFP9240, IRFP9241 
IRFP9242, IRFP9243 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP9240, IRFP9241 


ID(ON) 
A 


A 


N 


'DS(ON) | VGS =-10V, Ip =-6.3A 


Ay 
Oo} 


IRFP9242, IRFP9243 
Forward iransconduciance (Note 2) Sts VpS <-SOV, Ip = -6.3A 3.8 Lr 


Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Vas = OV, Vps = -25V, f = 1.0MHz 
See Figure 10 
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5.7 
50 
14 
18 
45 
29 
38 
21 
5.0 
2.5 


pF 
pF 
H 


Vop = -100V, Ip = -12A, RG =9.1N 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


td(OFF 


hull 
| 8.0 
x 
oa 
Lot 


/W 
eee OR 


V@s = -10V, Ip =-12A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


C 
C 
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Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 
Measured from the 
source pin, 6mm 
(0.25") from header& | G 
source bonding pad. " 
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Internal Source Inductance H 


Mounting surface flat, smooth and greased 


Free Air Operation 


Source Drain Diode Ratings and Characteristics 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


57 
0.83 
30 


R@JA 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 


ISM 


G 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


VSD 
ter 


= 
Q) 


Ty = +259C, Ip = -11A, dif/dt = 100A/"s 
Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


Ty = +259G, Ig =-12A, Vag = OV 


nm 

-_ 

(eo) 
BA 4 
oO ie) 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 8.2mHy, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 500, Peak IL = 12A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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(pF) 


C, CAPACITANCE 


BVpgg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


IRFP9240, IRFP9241, IRFP9242, IRFP9243 


TRANSCONDUCTANCE (SIEMENS) 


Qfs: 


NEGATIVE Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 


0.0 
-60 -40 -20 0 20 40 60 80 100 120 140 160 


Ty. JUNCTION TEMPERATURE ( °C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 16 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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NEGATIVE Ip, DRAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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Features 

e 1A, -80V and -100V 

* TDS(ON) = 3-652 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFL1P08 and RFL1P10 are P-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. : 


_RFL1P08 


RFL1P10 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 


TO-205AF 
BOTTOM VIEW 


SOURCE 


Terminal Diagrain 


GATE 


P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


Drain-Source Voltage She CHG eRe SOUS ANE SARS Oe CaS OE eNAe 
Drain-Gate Voltage (RGS = 1MX) 2... cece cece ee cee ee eee eee ee eees 


Continuous Drain Current 


RIMS Continuous: 3224 2 bac ou wae od eSie bain Cee evan bce eas 
Pulsed Drain Current.......ccccccscvccccccevcccecccessesenseecens 
Gate-Souirce Voltage? ss aictvacinastasoa ss eden anne Sa eaindey eaeens 


Maximum Power Dissipation 


NG SA 5° Orc ihs open weds tenn ies ee cane ealanaudeenddan emi es 
Above Tc = +25°0C, Derate Linearly ..........cccecccecrcenrecenes 
Operating and Storage Junction ........ ccc ec cece eet e reece cece 


Temperature Range 
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G 
RFL1P08 

‘seeds Vos -80 
eit VDGR -80 
ee ID 1 
saveieues IDM 5 
Cutaws Ves +20 
magnus Pp 8.33 
Lae wae ts 0.0667 
.. Ty, ISTG -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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RFL1P10 UNITS 
-100 V 
-100 V 
1 A 
5 A 
+20 V 
8.33 W 
0.0667 W/9C 
-55 to +150 Te 
File Number 1535.1 


Specifications RFL1P08, RFL1P10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS . 
' RFL1P08 RFL1P10 
SYMBOLS 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Ves =0 
Gate Threshold Voltage . VGSith) Ves =Vps: lp = 1mA 


Zero-Gate Voltage Drain Current IpDss Vps =-65V 
Vps =-80V 


To = +1259C 


Gate-Source Leakage Current Iess Vas = £20V, Vps =0 


Drain-Source On-Voltage VDS\(on) Ip = 1A, VGs =-10V 
. Ip = 2A, Vas =-10V 
Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Vag =-10V 


Forward Transconductance | of” | Ip = 1A, Vps = -10V 
f = 1MHz 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time tdion) = | ID = 1A, Vpp = -50V 
re RGEN =Re@s = 502 
Turn- Off Delay Time 


Thermal Resistance Junction-to-Case RaJc 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTIC SYMBOLS 


Diode Forward Voltage 
Diode Reverse Recovery Time Iz = 2A 


djF/dt = 50A/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFL7P0O8, RFL1P70 
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Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 


Fig. 3 


Normalized power dissipation vs temperature derating curve. 


Fig. 2 
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PULSE DURATION 
DUTY CYCLE <2% 


PULSE TEST 


Vos =-15V 
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Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4- Normalized drain-to-source on resistance to junction 


temperature for all types. 
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RFL7PO08, RFL7P70 
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GATE DUTY CYCLE < 20 % 
V source CASE TEMPERATURE (Tc)=25°C 
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Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching time test circuit. 


current for all types. 
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RFP2P08 


RFP2P10 


P-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-220AB 
e -2A, -80V and -100V TOP VIEW 


* TDS(ON) = 3-52 
e SOA is Power-Dissipation Limited 


DRAIN | 
e Nanosecond Switching Speeds (FLANGE) 
e Linear Transfer Characteristics | > 


¢ High Input Impedance 


® Majority Carrier Device 


VESC ipo 


Terminal Diagram 
The RFP2P08 and RFP2P10 are P-channel enhancement- 


mode silicon-gate power field-effect transistors designed for . P-CHANNEL ENHANCEMENT MODE 


applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFP series types are supplied in the JEDEC TO-220AB G 
plastic package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


RFP2P08 

Drain-Source Volagesaicns ces eueneaeia baa ba hataeweans eens es cee eenhs Vps -80 
Drain-Gate Voltage (RES = TMS?) cossieiccs cicccies eis Se ie es wes wie winie s wie dre ow Seis VDGR -80 
Continuous Drain Current 

RMS Continuous: aues0ivsarsaliuwseed had eee ee ees east eeeseee ceed ss ID 2 

Pulsed. Drain Current...2¢sscsaisina deter ei idiie tees esana sekes Say ered ewesas IDM 5 
Gate-Source Voltage: ia.c0cxcseiwttceetspseteewioctuedbetsaasecanaweeias V6s +20 
Maximum Power Dissipation 

VE HOOP 4 2 ks cai eek he eed esa owt Seeaeec eee wata stewie nse ae eee™ Pp 25 

Above To = +259C, Derate Linearly .......... cee cncccccccncevcccncccsvcns 0.2 
Operating and Storage JUNCTION «0... cc ccc cee cece cece ewer e tenes Ty, TSTG -55 to +150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic ee, Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 
Ss 
RFP2P10 UNITS 
-100 V 
-100 V 
2 A 
5 A 
+20 V 
25 W 
0.2 W/°C 
-§5 to +150 °C 


File Number 2870 


P-CHANNEL 
POWER MOSFETs 


Specifications RFP2P08, RFP2P10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vag =0 
Gate Threshold Voltage VG@Sith) Ves=Vps, Ip =1mA 


LIMITS . 
RFP2P08 RFP2P10 


CHARACTERISTIC TEST CONDITIONS UNITS 


V 


Vos = -68V a 
oe We 
To = +1259 Se Sie 
Vps = -65V 
ee 
jicss | 
ae 
Lag 
pe 


Gate-Source Leakage Current Iess Vas = £20V, Vps =0 ee y 


Zero-Gate Voltage Drain Current 


A 


Drain-Source On-Voltage 


mA 
n 
VDS\(on) ID = 1A, VG@sg =-10V | 


Ip = 2A, Vas =-10V 
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Roen=Res=809 [sive | as | 5100) 

faim | 484000 
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Fan 
20 
om 
Tes | - [28 
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Fall Time 11 (typ) 
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* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFP2P08 RFP2P10 
SYMBOLS 


CHARACTERISTIC 


Diode Forward Voltage 


Diode Reverse Recovery Time ter IF =2A 
djp/dt = 50A/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


tion vs temperature derating curve. 
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junction temperature for all types. 
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PULSE DURATION 
DUTY CYCLE <2% 
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Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4- Normalized drain-to-source on resistance to junction 


temperature for all types. 
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RFP2P08, RFP2P10 
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4) PULSE TEST 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching time test circuit. 


current for all types. 
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Features 

e -5A, -120V and -150V 

* 'DS(on) = 12 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFM5P12 and RFM5P15 and the RFP5P12 and 
RFP5P15 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for high-speed 
applications such as_ switching regulators, switching 
converters, relay drivers, and drivers for high-power bipolar 
switching transistors. : 


The RFM series types are supplied in the JEDEC 
TO-204AA metal package and the RFP series types in the 
JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 


RFM5P12/5P15 


RFP5P12/5P15 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE J (FLANGE) 


GATE 


TO-220AB 
TOP VIEW 


DRAIN 
(FLANGE) 


EE — 
> —— 
= 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


RFM5P12 

Drain-Source Voltage ...... cc ece enc cee evens Vos -120 
Drain-Gate Voltage (R@sg =1mM)............ VDGR -120 
Continuous Drain Current 

RMS Continuous 5.22.06 sset nave Saeed seve Ip 5 

Pulsed Drain Current........ 0. eee se eee eeeee lDM 15 
Gate-Source Voltage ......... cece eee e ee eeee Vas +20 
Maximum Power Dissipation 

ata sou Sa ee ere eee ee ee Pp 75 

Above Tc = +259C, Derate Linearly ............. 0.6 
Operating and Storage Junction ........... Ty, TSTG  7—55to+150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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D 
: 
S 
RFM5P15 RFP5P12 RFP5P15 UNITS 
-150 -120 -150 V 
-150 -120 -150 V 
5 5 5 A 
15 15 15 A 
+20 +20 +20 V 
75 60 60 W 
0.6 0.48 0.48 W/°C 
-55to+150 -55to +150 -55 to +150 oC 
File Number 1463 


Specifications RFM5P712, RFM5P15, RFP5P12, RFP5P15 


| ~ LIMITS 
| TEST 
CHARACTERISTIC SYMBOL 
CONDITIONS 


Drain-Source Breakdown Voltage 
Gate-Threshold Voltage Vesitn Ves = Vos 
Ip =1mA 


Zero-Gate Voltage Drain Current _ Vos = -100 V 
Vos = -120 V 
Teo = 125°C 
Vos = -100 V 
Vos = -120 V 


Gate-Source Leakage Current 


Ves = +20 V 
Vos =0 


Drain-Source On Voltage Voston* IDpb=2.5A 
Ip = 5A 
Ves = -10 V 


Static Drain-Source On Resistance Toston” IDb=2.5A 
Forward Transconductance Vos = 10 V 


Gn 

Sa 

Gn | t= 
TRiseTimeSSSCSC~<“~is df 36(typ) | 100 
Reon = Ros = 500 
TFalitime—OSOSCS~—CSCS dee = 10 


Thermal Resistance Junction-to-Case R@ic RFM5P12, 
RFM5P15 
RFP5P12, | 


1.67 1.67 


RFP5P15 


2.083 = 2.083 


*Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


TEST 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
LIMITS 
RFM5P12 RFM5P15 
CHARACTERISTIC SYMBOL CONDITIONS RFP5P12 - REPSP15 UNITS 
| Min. | 
Diode Forward Voltage | _ Isp = 2.5A a oe 
) ) ns 


Reverse Recovery Time tr lr = 4A 300(typ. 300(typ. 
dir/d; = 100A/us 


*Pulse Test: Width < 300 ws, Duty Cycle < 2%. 
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RFM5P72, RFM5P15, RFP5P12, RFP5P15 


~100 .| CASE TEMPERATURE(Tc)® 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 


6 Ip (MAX) CON. 


Fo Stitt 


DRAIN CURRENT (Ip 


FT EEA ON Ta THis AREA 
IS LIMITED BY rosion 


1 | 4 6 Bl 2 4 638i 
“| oO Big 100 -fooo 
DRAIN-TO-SOURCE VOLTAGE (Vps)-V 


92CS-36476R1 


Fig. 1 - Maximum safe operating areas for all types. 


P-CHANNEL 
POWER MOSFETs 


POWER DISSIPATION (P7)-W 


20 e 
mH 


NORMALIZED GATE THRESHOLD VOLTAGE 


SGRGSSERESEeResaeee 
ie) 50 100 150 Z -50 ie) 50 100 150 
a ate Lae a RTS -55 JUNCTION TEMPERATURE (T y)—°C 
92CS- 36477 
Fig. 2- Power dissipation vs. temperature Fig. 3- Typical normalized gate threshold 
derating curve for all types. voltage as a function of junction: 


z temperature for all types. 


Ip*2.5A HE H 
Vggt-!0V | : HH 


EE Hl 
ie oo 
EEE 


Vos HOV 


PULSE TEST 
PULSE DURATION= 80Oxps 
DUTY CYCLE< 2% 


5 FRSESESEES Fetes cts 


NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 
ON- STATE- DRAIN CURRENT [I ploni]-A 


‘4 
+ sega. ey 


JUNCTION TEMPERATURE (Ty )—°C Liitterritto 


92CS-36478 
GATE-TO- SOURCE VOLTAGE (Vgs)-V 
Fig.4-Normalized drain-to-source on ance gt 
resistance to junction temperature for Fig. 5 - Typical transfer characteristics for all 


all types. types. 
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RFM5P12, RFM5P15, RFP5P12, RFP5P15 


_ 
~ 
N 
a 


<q 
Sh 
Fr o 
= Ig (REF) = 0.49 mA 2 H 
S Ves = -10V 3 s 
| 75 | = 
172) 
oOo 
= 
37.5 <q 
« 
fa} 
ie) 
Ig (REF) y ea aaa aaa uae “aeaeasas accceoedtLSSBLLTSESSGALE 
———— — - - - - - -7 
Ig (ACT) DRAIN~ TO-SOURCE VOLTAGE (Vps)—V 
TIME — Microseconds 92CS-37652 : 92CS- 3648! 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all 


Refer to Harris application notes AN-7254 arid AN-7260. types 


1.6] Veg*-lOV 
PULSE TEST 
14 PULSE DURATION® 80xus 
“| DUTY CYCLE ¢ 2 %+r++++4) 
P=.688 


Dd 
s 
a 
a 
SB 
2 
ag 
| 
BS 
s 
2 
a 
a 
_} 
| 
Tir 


{DS (on)J- OHMS 
BGS SERSRRSEEeees joes 


Nene Saab eee Lane 
ae 
e268 


w 

Oo 

= | 

é rz) 

” — 
w 

w 3 

rd z 

z = 
Z 

Wy a 

« < 

5 Oo. 

ra) 

wn 

= 

=< 

rtd 

ra) 


(o] ! 2 3 4 5 6 ie) -10 -20 -30 -40 ~50 
DRAIN CURRENT (Ip -—A 92CS- 36484 . DRAIN- TO- SOURCE VOLTAGE (Vpg)-V 
92CS-36483 
Fig. 8 - Typical drain-to-source on resistance Fig. 9 - Capacitance as a function of drain-to- 
as a function of drain current for all source voltage for all types. 
types. 
302 


PULSE TEST 
PULSE DURATION =80 ps 
DUTY CYCLE< 2% 


Vo 
TO SCOPE 


= Voo s 
75V 


KELVIN 
CONTACT 


FORWARD TRANSCONDUCTANCE (gfs)—mho 


92CS-37384 


2 3 
DRAIN CURRENT (IQ)—A 


92CS-36482 


; Fig. 11 - Switching Time Test Circuit. 
Fig. 10- Typical forward transconductance as a function of drain 


current for all types. 
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ot HARRIS 


August 1991 


Features 

e -G6A, -80V and -100V 

* rDS(on) = 0.62 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

© Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM6PO08 and RFM6P10 and the RFP6PO8 and 
RFP6P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for high-speed 
applications such as_ switching regulators, switching 
converters, relay drivers, and drivers for high-power bipolar 
switching transistors. 


The RFM series types are supplied in the JEDEC - 
TO-204AA metal package and the RFP series types in the 
JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 


RFM6P08/6P10 
RFP6P08/6P10 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
© 
GATE 
TO-220AB 
TOP VIEW 
DRAIN | 
i ———— 
(FLANGE) SOURCE 


Ta DRAIN 


= 


Absolute Maximum Ratings (TG = 259C) Unless Otherwise Specified 


RFM6P08 

Drain-Source Voltage ....6cccesceescccanucces Vpos 80 
Drain-Gate Voltage (RGsg =1MmQ) ............ VDGR 80 
Continuous Drain Current 

RMS COMUNUGUS 25 Sand seein ead sarin ae mew ee os Ip 6 

Pulsed Drain Gurrent:. s4sv0seeW aieisecassares IDM 20 
Gale=SOurce VONAGE iene leak wears toe Saeki VGs +20 
Maximum Power Dissipation 

NGS 25 OC. oa knae wag ne tak ue weenie Gees Pp 75 

Above Tc = +259C, Derate Linearly ............. 0.6 
Operating and Storage Junction ........... Ty, STG -55 to +150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handlin 
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7) 
iG 
Td ou. 
. ‘. = 
Terminal Diagram a 
= 
P-CHANNEL ENHANCEMENT MODE = a 
o = 
 ] 
D a. 
G 
S 
RFM6P10 RFP6P08 RFP6P10 UNITS 
100 80 100 V 
100 80 100 V 
6 6 6 A 
20 20 20 A 
+20 +20 +20 V 
75 60 60 W 
0.6 0.48 0.48 W/°C 
~55 to +150 -55 to +150 -55 to +150 0G 
g procedures should be followed. File Number 1 490 


Specifications RFM6P08, RFM6P10, RFP6P08, RFP6P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25° C unless otherwise specified. 


LIMITS 
RFM6P10 
RFP6P10 oe 
Ves=0 
Gate Threshold Voltage Ves(th) Ves=Vps 
Ip=1 mA 
Zero Gate Voltage Drain Current Vps=-65 V 
Vps=-80 V 
Tc=125°C 
Vps=-65 V 
Vos==80 V 
Vos=0 


beens lb=3 A 


_ RFM6P08 
RFP6P08 


TEST 
CHA CLEMStICe SYMBOL CONDITIONS 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Vps=10 V 
Ip=3 A 


Forward Transconductance Pomoc |e 


Input [input Capacitance pe age 4 | =g00 | — | 800 
Output Gapscitancs ____| Cow | 350 | — | 350 | pF 
150. | 150. 
1i(typ)|__60_ | 14(typ) | 60_| 
Prise Tne 
Fall Time tr p) 


Thermal Resistance 
Junction-to-Case 


y 
R@sc RFM6P08, 1.67 1.67 
RFM6P10 
RFP6P08, 2.083 2.083 
RFP6P10 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


| | LIMITS 
: TEST RFM6P08 RFM6P10 
CHARACTERISTIC SYMBOL | CONDITIONS _, irPeroe RFP6P10 


Diode Forward Voltage 


ip=4 A 
Reverse Recovery Time die/d,=50 A/us en 150(typ) 


*Pulse Test: Width < 300 us, duty cycle = “se 
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RFM6P08, RFM6P10, RFP6P08, RFP6P710 


100 | CASE TEMPERATURE (Tc) = 25°C [Hitt 

g| (CURVES MUST BE DERATED 

LINEARLY WITH INCREASE IN 

«| TEMPERATURE) i 

a a cre tet 
eT AEE HATE TAREE i 

Breed HELE HE Et Hea 

ket PER Hd 


a aun ae He i a 


bia teins EE rH HH Baan tania iia 
pain MAX acre T TE isgeerermaiaesters aah EGE ES estHtE Khtcitees inns eR 


eS BSEE SEES fen 
saan aiac aM Ue UL 
a See ee ene eee Ls itil] ery 
pH i Sai a 
FENCE Tage 
Hie BN Shee BHU eee dant ies rte 


z al deh om jasgna ia i 
ae Ser ree pease 
ifm Eee =H EER eet : nites 

No itt+ jaeos shots soos 


DRAIN- CURRENT (Ip)—A 


HH ttt aimee an ai 
—fettctd ateaeeies 


Se 
fees Bett SRR EU Seeeta anise a ini ce a 


ot ttt HH et tttrttetts 


dette 
en 


rit sees s 


sie Lite] Pass 
Beers fo si 
~I -10 “100 -1000 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Ege 


92CS-37039RI1 


Fig. 1 — Maximum Safe operating areas for all types. 


WW ” 
a pale 
an H 5 ae ee © | 
= cy Hy re} big bL. 
4 HHH ar HH > RS) = ” 
i Ho REMOPORE HEH Q z2Q 
es RFM6P10/ 1 14 H 2 <c = 
2 Nets aan =x = es 
.e) SBE. Gnaeus 7 Dir co 
- 4 | = ad Lu 
a 5 TS ! = 
a + elm ! a. 
ca tl fom) 
wi o 
> a 
3 HH NI 
os 3 085 
HH = 
HH o 
ene z 
> rH 
rot PAH 
268 ToNE LF : 
(¢) 50 eee 50 -50 (0) 50 100 150 200 
CASE TEMPERATURE TG JSG sta bts JUNCTION TEMPERATURE (Ty) —°C 
92CS~37047 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


Vos #-lOV 

1g| PULSE TEST 

4] PULSE DURATION = 80 4S 
DUTY CYCLE <2% 


.e) 


[ tos (On)] 


6 


ON STATE DRAIN CURRENT [Ip( on)] — A 
+ @ 


NORMALIZED DRAIN TO SOURCE ON RESISTANCE 
N 


-50 10) 50 100 150 200 
JUNCTION TEMPERATURE (Ty) —°*C GATE TO SOURCE VOLTAGE (Ves) —vV 
92CS - 37042 92CS-37045 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFM6P08, RFM6P10, RFP6P08, RFP6P10 


/. 


GATE 
SOURCE 
VOLTAGE 


RL = 16.672 Y 
Ig (REF) = 0.46 mA 
Ves = -10V 


Vos — Volts 
Ves — Volts 


TIME — Microseconds 92CS-37640 


s 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 and AN-7260. 


SEEeEs 
Her} To 2 125°C 
ae 


CE ON RESISTANCE 


[ rosl on)] — OHMS 


SOUR 


ORAIN 


Ves77l0V 

PULSE TEST 

PULSE OURATION = 80 2S 
DUTY CYCLE S$2% 


2 4 6 8 10 l2 14 I6 18 20 
ORAIN CURRENT (Ip) —A 


92CS-37044 


Fig. 8 — Typical drain-to-source on resistance as a function 


of drain current for all types. 


To 
Vos ZlOV Gunauaen 
PULSE TEST 

PULSE DURATION = 80 pS 

DUTY CYCLE $2% 


FORWARD TRANSCONDUCTANCE (gfs) — mho 


ie) I 2 3 4 5 6 ‘7 8. 9. 10 
DRAIN CURRENT (Ip) —A 


92CS- 37046 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


5-160 


PULSE TEST 
PULSE DURATION = 80 nS 
35] DUTY CYCLE $2% 
CASE TEMPERATURE (Tc) = 25°C 


<q 
ra) 
a 
Kk 
z 
WW 
« 
« 
=) 
© 
7 
< 
x 
oa 


a See eReReeearee 
SERBS SSS SASSO Hee eee See Yeeeah ewan e 
) ' 2 3 4 5 6 7 8 9 10 
DRAIN TO SOURCE VOLTAGE (Vps) — V 

, 92CS-37040 


Fig. 7 — Typical saturation characteristics for all types. 


CAPACITANCE (C) — pF 


-10 -20 -30 ~40 -50 
DRAIN -TO-SOURCE VOLTAGE (Vps) — V 
92CS-37043 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


162 


TO SCOPE 


KELVIN 
CONTACT 


== 92CS-37630 


Fig. 11 - Switching Time Test Circuit. 
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RFD&P05/05SM 


RFP8P0O5 


P-Channel Enhancement Mode Power 


August 1991 


Features 

e -8A, -50V 

* TDS(on) = 9.300 2 

e UIS SOA Rating Curve (Single Pulse) 
@ SOA is Power-Dissipation Limited 

© Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


OESCiIPtiCii 
The RFD8P05, RFD8PO5SM and RFP8P0O5 p-channel 
power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
_ These transistors can be operated directly from integrated 
circuits. 


The RFD8P05 is supplied in the JEDEC TO-251AA plastic 
package and the RFD8PO5SM in the TO-252AA plastic 
package. The RFP8P0O5 is supplied in the JEDEC 
TO-220AB plastic package. 


Field Effect Transistors (MegaFETs) 


Packages 


TO-220AB 
TOP VIEW 


DRAIN 
(FLANGE) 


TO-251AA 
TOP VIEW 


i — ______J SOURCE 
pRAN—> > DRAIN 
eS GATE 


TO-252AA 
TOP VIEW 


0 SOURCE 
aa [J] DRAIN 
7 GATE 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


Drain-Source Voltage, VOSS i1ssscccndusiw ene ved esaweeewswedeeeen ys 


Drain-Gate Voltage, (RGs = 1M2Q), VpGaR 
Gate-Source Voltage, Vas 
Drain Current: 

RMS Continuous, Ip 


Avalanche Current, las 
Power Dissipation, Pp: 
To = +25°9C 
Derate Above Tc = +259C 
Operating and Storage Junction 


Temperature Rande,.1 J, [ST Gs asec se teentanee os ceeee dee ra wares 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
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eosoeeoeeaeaseewes ee nee es ee ecw ese eee woe eee eens 


eeoveesseeeeeeeeees eee ereese ees er eee eee see eee ee ee 


PUISCO NID isa ds vinun ales diwan dees avesete Sg ee ee ie 


eweeneeeneseseaeeseeeneaeeseeee see ese ee sees esee se ese eee ee 


40W 
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File Number 


Specifications RFD8P05, RFD8PO5SM, RFP8P05 


Electrical Characteristics (Tc = +25°9C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Vpp = -25V, Ip = 4A 
Ig1 =Ig2=0.2A 

Ri = 6.252 

(See Figure 12) 


Total Gate Charge 


Vpp = -25V, Ip = 4A, RL = 6.252 
L =0.2uH, Ig1 =Ig2 =0.2A 
Ves clamo :-10V, +0.6V 


TO-220AB 


Source-Drain Diode Ratings and Characteristics 


| ys LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS 
SD 


Diode Forward Voltage | Isp = 8A Lets 4 
Reverse Recovery Time bir | Isp = 8A, djsgp/dt = 100A/ps ie 


125 


< 


DRAIN CURRENT (Id) - AMPS 


Vgs = -20V 
= ae oe eeres 
CASE TEMPERATURE (Tc)=25 degC | 1 ee Me Daas eed 
la —— = ie os BEE 
os a cases i aie ae ee ea 
2 SOPERATION IN THIELE a ee ae a Fa ae 
“age Line ot ale EC 
\dm a R 
ae ease Cheated 
f PSNI J CTSTARIING 1 = odbc 
< 10 +—7s — ae 
1.0 6 SRS 
So See ee eG le ple el ee isle 
eS Sa ES ia aR, 
SOTO 
ae ee ee SR 
Neretesvils battles - ve | NPN LTTE 
tav=(L)(fas)/(J.3 RATED|/BVdss - Vda ane P| 
er eto -tod HLT 
tave(L/F R)I(A3|AATED BVd ih ae 
0.1 1 MS Base 
-| 1 0.1 1.0 ; 10.0 100.0 
DRAIN-TO-SQURCE VOLTAGE (Vded - VOLTS — coengens TIME IN AVALANCHE (tav) - MILLISECONDS 


Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Unclamped inductive-switching safe-operating-area curve, 
with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id) - AMPS 


DRAIN CURRENT (ld)-AMPS 


NORMALIZED Rds(on) 


RFD8&P05, RFD&PO5SM, RFP&P0O5 


POWER DISSIPATION MULTIPLIER 


25 50 75 100 125 150 175 “0 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC I008P05 CASE TEMPERATURE (Tc) - degC POWOBPOS 
Figure 3 - Maximum continuous drain current vs. temperature. Figure 4 - Normalized power dissipation vs temperature derating curve. 


PULSE DURATION=80us Tc=25degC 


Vdd=15V 


PULSE TEST 
PULSE DURATION=250us 
DUTY CYCLE=-.62 MAX 


P-CHANNEL 
POWER MOSFETs 


ON-STATE DRAIN CURRENT CIdCon)] - AMPS 


0 -3 -6 -9 2 -16 
DRAIN-TO-SOURCE VOLTAGE (Vds)-V GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS = \pepens 
Figure 5 - Typical saturation characteristics. Figure 6 - Typical transfer. characteristics. 


PULSE DURATION-260us Vge~l0V Id=8A Vgs=Vde Id=260uA 


3.0 1.60 
Ww 
w 
c 
2.6 7 1.26 
ao 
> 
a 
2.0 S 1.00 
x 
men 
win 
25 
1.6 0.76 
wm 
> 
S 
1.0 0.60 
a 
tut 
i 
_ 
0.6 G 0.26 
a 
Oo 
= 
0.0 0.00 
-60 0 60 100 150 200 -60 0 60 100 160 200 
JUNCTION TEMPERATURE (TJ) - degC preneers JUNCTION TEMPERATURE (TJ) - degl — gnigengs 
Figure 7 — Normalized rDS(on) vs junction temperature. Figure 8 - Normalized gate threshold voltage. 
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NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 


Figure 9 - Normalized drain source breakdown voltage vs temperature. 


RFD8P05, RFD8PO5SM, RFP8&P0O5 


Id=250uA 


a 
sf 
19) 
WwW 
O 
Z 
E 
O 
a 
oO 
0 
60 100 150 200 “5 =10 15 -20 
JUNCTION TEMPERATURE (TJ) - degl —— gnnepos SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 


Figure 10 - Typical capacitance vs voltage. 


RL=6.25 OHMS 
IgREF}= 0.3mA 
Vgs=10V 
~37.5 Vdd= Vdes 
” BA ”) 
i oo EF 
J 
3) ZN OQ 
2 -25 RK 2 
3 Oo 
> > 
12.5 
0 


Ig(REF) Ig(REF) 
20;jacT) —«‘TIME-MICROSECONDS )=s- ®° igfacy 


Fig. 11 - Normalized switching waveforms for constant gate-current. 
. Refer to Harris application notes AN-7254 and AN-7260. 


Voo 
AL 
Vv 
* sl=tg2 DUT sa 
10V 
Switching Test Circuit Switching Waveforms 


Figure 12 - Resistive switching. 
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RFD8P05, RFD8PO5SM, RFP8&P05 


VARY ty TO OBTAIN 
neEQuIRED PEAK Ios 


Rg 


Yop 


a 


BVpss 


UIS Test Circuit UIS Waveforms 


Figure 13 - Unclamped-inductive-switching test. 


P-CHANNEL 
POWER MOSFETs 
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Features 

e -8A, -80V and -100V 

* DS(on) = 0.42 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFM8PO08 and RFM8P10 and the RFP8P08 and 
RFP8P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, relay 
drivers, and drivers for high-power bipolar switching 


transistors requiring high speed and low gate-drive power. : 


These types can be operated directly from integrated 
circuits. ; 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220A8B plastic package. 


RFM8P08/8P10 
RFP8P08/8P10 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE (FLANGE) 


GATE 
TO-220AB 
TOP VIEW 
DRAIN ar 
a SOURCE 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 259°C) Unless Otherwise Specified 


RFM8P08 

Drain-Source Voltage .......... cece eee ee eees Vps -80 
Drain-Gate Voltage (Rqs = 1mN) ............ VDGR -80 
Continuous Drain Current 

RMS Continuous i... iskes asc ie ee swe ewa es Ip 8 

Pulsed Drain Current..........0..cceeceeeeee IDM 20 
Gate-Source Voltage ......... cece cece eeeees Vas +20 
Maximum Power Dissipation 

TOE A289 4 isos asa eda ea bewaiesiewneess Pp 100 

Above Tc = +259C, Derate Linearly ............. 0.8 
Operating and Storage Junction ........... Ty, TSTG -55 to +150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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D 
G 
S 
RFM8P10 RFP8PO8 RFP8P10 UNITS 
~100 -80 ~100 Vv 
-100 -80 -100 V 
8 8 8 A 
20 20 20 A 
+20 +20 +20 V 
100 75 75 W 
0.8 0.6 0.6 W/0G 
-55to+150 -55 to +150 ~55 to +150 oC 
File Number 1496 


Specifications RFM&P08, RFM&P10, RFP&P08, RFP8&P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


LIMITS 
TEST RFM8P08 RFM8P10 
CHARACTERISTICS SYMBOL CONDITIONS RFEP8P08 RFP8P10 UNITS 


Drain-Source Breakdown Voltage 
Gate Threshold Voltage Ves(th) Ves=Vos -2 -4 -2 -4 V 
lp>=1 mA 


Vps=-65 V 
Vps=-80 V 


Tce=125°C 
Vps=-65 V 30 — 
Vos=-80 V = 


Vps(on)® -1.6 -1.6 
Ves=-10 V 

Ip=8 A -4.0 -4.0 
Ves=-10 V 


Ip=4 A 


ee ee ee 
= | 700 | = | 700 | 
| — | 300 | — | 300 | 
| 18(typ) | 60__| 18(typ) | 60_| 
|RiseTime te 
Regon=Rge=5 


Fall Time 


Thermal Resistance 
Junction-to-Case 


Ves=-10 V 94 (typ) 94 (typ) 
RFM8P10 : 
RFP8P08, 1.67 = 167. | C/W 
RFEP8P10 


P-CHANNEL 
POWER MOSFETs 


"Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


LIMITS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
REMOPOS REMSP10 
RFPSP08 RFPSP10 UNITS 


SYMBOL 
Reverse Recovery Time tr lp = 4A 200(typ.) 200(typ.) ns 
die/d: = 100A/us 


*Pulse Test: Width < 300 us, Duty Cycle < 2%. 


TEST 


CHARACTERISTIC CONDITIONS 
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RFM8P08, RFM8&P10, RFP&P08, RFP&P10 


100 4] CASE TEMPERATURE (Tc) = 25°C i 
¢| (CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
4| TEMPERATURE) 


DRAIN CURRENT (Ip)—A 


= Voss (MAX) ® 100 V RFM8PIO/RFPSPIO 
Vpss (MAX)= 80 V RFM8PO8/RFP8POB 


DRAIN-TO-SOURCE VOLTAGE (Vos) —V 
92CS-37 156R1 


Fig. 1 — Maximum operating areas for all types. 


@o 
°o 


[Ves(th)] 


POWER DISSIPATION (P7)—W 
t a 
° ° 


NORMALIZED GATE THRESHOLD VOLTAGE 


50 100 | ‘ 150 -50 0 50 100 150 200 
CASE TEMPERATURE (Tc )—°C JUNCTION TEMPERATURE (Ty) 9c 
92CS-37147 92CS- 37148 
Fig. 2 — Power dissipation vs. case temperature derating Fig. 3 — Typical normalized gate threshold voltage as a function 
curve for all types. of junction temperature for all types. 


Vos s10V 

PULSE TEST 

PULSE DURATION = 80 xS 
DUTYCYCLE <2% 


N 
B.S 


@ 
a 
s 


ON-STATE DRAIN CURRENT [Ip(on)]—A 


NORMALIZED ORAIN-TO-SOURCE ON RESISTANCE 


-50 0 . 50 100 150 200 
JUNCTION TEMPERATURE (Ty)— °C ; GATE -TO-—SOURCE VOLTAGE (Vgs)—V 
secor S142 92CS-37150 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFM8P08, RFM8P10, RFP8P0O8, RFP8&P10 


PULSE TEST 
24] PULSE DURATION = 80 2S 
DUTY CYCLE <2% 


100 


CASE TEMPERATURE (Tc)* 25 % 


GATE SSSSSSES SSSA’ SLESE SE: 
SOURCE eucesaoeasasceses 
VOLTAGE < 
Yoo = Yoss 1 
R, = 12.50 fa) 
a Ig (REF) = 0.92 mA ‘ oe 
8 Ny, . 2 HH 
i rs ‘ >. Wo PE 
I 7 \ z 
8 | : ) g : 
: 0.50 Voss > z 
: 0.25 Voss \ = 
Q 
DRAIN SOURCE VOLTAGE 
Ig (REF) . Ig (REF) ae ae” See a ees aes 6 me 
20 To1AcT) 8076 (Acn) DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
TIME — Microseconds Q2CSATAAL 92CS-37152 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 


Veg 210 V 

PULSE TEST 

PULSE DURATION =80 
DUTY CYCLE s 2% 


Ihe (on )} ohms 
[tps (on J 


DRAIN - TO-SOURCE ON RESISTANCE 
CAPACITANCE (c)—pF 


a 

a 

a 

B 

r 

a 

8 

H 

a ~” 
H i 
H wt Lu 
a big bb. 
: = 
a z © 
: <= 
: oi 
H = 
H fan) 
| as HHH a. 
o 2 4 6 8 10 2 4 +16 18 ~ 20 i) i0 20 30 40 #50 #60 + + 70 

DRAIN CURRENT (Ip)—A DRAIN-TO-SOURCE VOLTAGE (Vp5)—V 
92CS- 37153 92CS-37154 ; 
Fig. 8 — Typical drain-to-source on resistance as a function Fig. 9 — Capacitance as a function of drain-to-source 
of drain current for all types. voltage for all types. 


12.52 


KELVIN 
CONTACT 


° 
£ 

E 

“” 
= 
2 
wW 
o 
=z 
< 
- 
Oo 
=] 
a 
= 
° 
Oo 
n 
z 
<_< 
4 
- 
a 
x 
< 
= 
4 
oO 
irs 


SPs a he ie eee 92CS-37363 


DRAIN CURRENT(Ip)—A 
92CS- 37155 


Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit. 
of drain current for all types. 
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™ HARRIS 


RFM10P12/10P15 


RFP10P12/10P15 


August 1991 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features Packages 

s ‘ -150 TO-204AA 
© -10A, -120V and -150V BOTTOM VIEW 
* 'DS(on) = 9.52 
e SOA is P Dissipation Limited SOURCE on 

is Power-Dissipation Limite / (FLANGE) 
e Nanosecond Switching Speeds “O 
e Linear Transfer Characteristics O As O 
¢ High Input Impedance 
e Majority Carrier Device one 
ao TO-220AB 

Description TOP VIEW 
The RFM10P12 and RFM10P15 and the RFP10P12 and : aoe 
RFP10P15 are p-channel enhancement-mode silicon gate DRAIN (a SOURCE 
power field-effect transistors designed for applications (FLANGE) ay DRAIN 
such as switching regulators, switching converters, motor eee GATE 


drivers, relay drivers, and drivers for high-power bipolar 


switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


JEDEC TO-220AB plastic package. D 
G 
Ss 

Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
| RFM10P12 RFM10P15 RFP10P12 RFP10P15 UNITS 
Drain-Source Voltage ............... secaaeean Vos -120 -150 -120 ~150 V 
Drain-Gate Voltage (RGg = 1m) ............ VDGR -120 -150 -120 -150 V 
Continuous Drain Current hs 

RMS ContinuouS ......... ccc cece eee cence eee ID 10 10 10 10 A 

Pulsed Drain Current............c eee eeeenees IDM 30 30 30 30 A 
Gate-Source Voltage 10.2... ccc cece eee eee Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TC eOCC ai atnaerocos wee hennaaaataee es Pp 100 100 75 75 W 

Above To = +259C, Derate Linearly ............. 0.8 0.8 0.6 0.6 W/°C 
Operating and Storage Junction ........... Ty, TSTG -55to+150 -55to+150 -55to+150 -55 to +150 oC 

Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 59 5 


Copyright © Harris Corporation 1991 
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Specifications RFM10P12, RFM10P15, RFP10P12, RFP10P15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25° C) unless otherwise specified 


LIMITS 


RFM10P12 RFM10P15 
RFP10P12 RFP10P15 


TEST 
CONDITIONS 


CHARACTERISTIC 


Drain-Source Breakdown BVoss Ib=1mA -120 
Voltage Ves = 0 


SYMBOL 


Gate-Threshold Voltage Vestn Ves = Vos 
lIDDb=1mA 
Zero-Gate Voltage Drain — Vps = -100 V ae 
Vos =-120V — 


Tce = 125°C 
Se ie 
Vos = -120 V 
Vos = 0 
petO0 gs tee 
od 
eal 
| 24(typ) 


Current 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Voston@ ID=5A 


Ves =-10V 


ID=10A 


Ves = -10V 


Static Drain-Source On 'pston@ ID=5A 
Resistance Ves =-10V 


P-CHANNEL 
POWER MOSFETs 


Forward Transconductance Vos = -10 V 


ID=5A 


1700 


Output Capacitance Coss | 600 | 


-4 

1 

50 

100 

-2.5 

0.5 

Reverse Transfer Capacitance Crss 
Turn-On Delay Time tdion) 

: lo= 5A 7a(typ) | 150__ | 74(typ) ns 
Turn-Off Delay Time tatorn Roen = Ros =50Q | 138(typ) | 225 | 138(typ) 

100 
1.25 
1.67 


Input Capacitance Ciss 
7 Vos = -75V 24(typ) | 50 

Fall Time ti Ves = -10 V 61(typ) | 100 | 61(typ) 
as 

°C/W 

1.67 


-2 
2 
( 
( 


Thermal Resistance 


Junction-to-Case 


RGsc RFM10P12, eS p= | 
RFM10P15 

RFP10P12, 

RFP10P15 ae 3 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


RFM10P15 
RFP10P15 


RFM10P12 
RFP10P12 


ee ee 
tre lr = 4A, die/d; = 100 A/us 210 (typ.) 


4 Pulsed: Pulse duration = 300 ys max., duty cycle = 2%. 


CHARACTERISTIC 
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RFM10P12, RFM10P15, RFP10P12, RFP10P15 


100, CASE TEMPERATURE (Tc )= 25°C 
8] (CURVES MUST BE DERATED 
6} LINEARLY WITH INCREASE 
IN TEMPERATURE) 


DRAIN CURRENT (Ip)-A 


oan MNISSESETHELIINIGESEEE I OEEEEE Ht a8 
Peet HH Ht HW SOGGE FITS GOGEEE meeasecdns 
meeman senet aise NII SOBSLOIIGARCGEtIMGUAESEEEIII a 


4 


DRAIN-TO-SOURCE VOLTAGE (Vps)-V 92CM-38278 


Fig. 1 - Maximum safe operating areas for all types. 


£Vgs(th)] 


POWER DISSIPATION (P7)—W 
NORMALIZED GATE THRESHOLD VOLTAGE 


CASE TEMPERATURE (Tc) —°C JUNCTION TEMPERATURE (1T)—°C 
92CS—38279 92CS-3827)! 
Fig. 2 - Power dissipation vs. case temperature derating curve for Fig. 3 - Typical normalized gate threshold voltage as a function of 
all types. junction temperature for all types. 


Vps*~!OV 


PULSE TEST 
PULSE DURATION=80 ps 
DUTY CYCLE<2% oH aaeneue 


EEE EECEEEEE EEE EE EE HH 
12 Ree re 


HHT CASE TEMPERATURE (Tc )*-40°C Kaan 
BECECECEEECE EEE EEE mmae/ 128 
ERERRRRRERRE EERE Lt A auacecenaaas 
th ane Gaeenan Ht 


ON-STATE DRAIN CURRENT [Ip (on))—A 


Q 50 100 150 
JUNTION TEMPERATURE (Ty)—°C GATE-TO-SOURCE VOLTAGE (Vgs)~ V 
92CS-38276 92CS-38277 
Fig. 4 - Normalized drain-to-source on resistance as as function Fig. 5 - Typical transfer characteristics for all types. 


of junction temperature for all types. - 
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Vos- VOLTS 


RFM10P12, RFM10P15, RFP10P12, RFP10P15 


GATE 
SOURCE 
VOTAGE 


RL° isa 
1g (REF)20.84mA 
Ves°~ lov 


0.75 Voss 
0-50 Voss 
0-25 Voss 


ORAIN SOURCE VOLTAGE 


Ig (REF) 
1g (ACT) 


Ig (ACT) 80 
TIME MICROSECONDS 


92CM-38280 


Yes -VOLTS 


Fig. 6 ~ Normalized switching waveforms for constant gate-current. 


Fig. 8 


Refer to Harris application notes AN-7254 and AN-7260. 


Veg *7lOV 

PULSE TEST 

PULSE DURATION= 80s 
DUTY CYCLE < 2% 


ORAIN -TO- SOURCE ON RESISTANCE 
{rps {on)}- OHMS 


ie) 2 4 6 8 10 12 14 16 18 20 
DRAIN CURRENT (Ip)—A 
92CS-36273 


- Typical drain-to-source on resistance as a function of 
drain current for all types. 


PULSE TEST 


7} PULSE DURATION=£80 ps 
DUTY CYCLES2% 
ASnene 


FORWARD TRANSCONDUCTANCE (gfs)mho 


DRAIN CURRENT (Ip)-A 


92CS-38275 


Fig. 10 - Typical forward transconductance as a function of drain 


current for all types. 
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32|PULSE TEST 

PULSE DURATION =80ys 
ag|DUTY CYCLE < 2% 

CASE TEMPERATURE (Tc) =25°C 


<x 
\ 
~ 
a 
H 
i 
= 
uJ 
x 
ax 
2 
oO 
a 
<q 
« 
fa) 


0 sk os oS 34 5° <6 7% <B> --9° 10 
DRAIN TO SOURCE VOLTAGE (Vpg)—V 
92CS-38272 


Fig. 7 - Typical saturation characteristics for all types. 


CAPACITANCE (C)—pF 


a H 
Oo -10 -20 -30 -40 -50 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-38274 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 


all types. 


i5V 


KELVIN 


CONTACT 


= 92CS -3828) 


Fig. 11 - Switching Time Test Circuit. 


P-CHANNEL 
POWER MOSFETs 


i HARRIS 


August 1991 


Features 

e -12A, -80V and -100V 

* rDS(on) = 0.320 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


_ @ Majority Carrier Device 


Description 


The RFM12P08 and RFM12P10 and the RFP12P08 and 
RFP12P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


RFM12P08/12P10 
RFP12P08/12P10 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE (FLANGE) 


TO-220AB 
TOP VIEW 


DRAIN 
(FLANGE) 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


RFM12P08 

Drain-Source Voltage ......... ccc cece e enn enee Vos |. -80 
Drain-Gate Voltage (RGg =1mN).......... »-»- VDGR -80 
Continuous Drain Current 

RMS Continuous .........e sc eescccccceserees Ip 12 

Pulsed Drain Current.........0esceeeeereeeee IDM 30 
Gate-Source Voltage .........ececeeceeeeeens Vas +20 
Maximum Power Dissipation 

TGS +20" OC sactecteetn ouieweiveboseeeeeess Pp 100 

Above Tc = +250°C, Derate Linearly ............. 0.8 
Operating and Storage Junction........... Ty, TstqG -55to+150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
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D 
G 
S 
RFM12P10 RFP12P08 RFP12P10 UNITS 
-100 -80 -100 V 
~100 ~80 -100 V 
12 12 12 A 
30 30 30 A 
+20 +20 +20 V 
100 75 75 | WwW 
0.8 0.6 0.6 Ww/°C 
~55 to +150 -~55 to +150 -55to +150 OC 
File Number 1495 


Specifications RFM12P08, RFM12P10, RFP12P08, RFP12P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


LIMITS 
TEST RFM12P08 RFM12P10 
CHARACTERISTICS SYMBOL | CONDITIONS RFP12P08 RFP12P10 UNITS 


Drain-Source Breakdown Voltage BVoss lb>=1 mA 
Ves=0 
Gate Threshold Voltage Ves(th) Voes=Vps -2 
Ip=1 mA 


Zero Gate Voltage Drain Current Vos=-65 V 
Vps=-80 V 


-100 


V 


NO 


Tc=125° C 
Vps=-65 V —= 
Vps=-80 V 


6) 
© 


od Ral 


4 
1 
Gate-Source Leakage Current 
1.8 


Drain-Source On Voltage 


ae 
© 


Static Drain-Source On Resistance 


E ; 


Forward Transconductance Vps=-10 V 


Ipb=6A 
| 18(typ) | 60 _| 18(typ) | 60__| 
ns 
Rigen=Rgs=50 0 
Fall Time Ves=-10 V 


Thermal Resistance RAsc ~~ RFM12P08, 1.25 1.25 
Junction-to-Case RFM12P10 : 


RFP12P10 


co! © 
ef 
3 
= 
Oo 


Sse, 1500 Ph = 2] 1500. | 
pa See OO IE nk 200. | JP 
| — | 300 | — | 300 | 


P-CHANNEL 
POWER MOSFETs 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC SeDRIONS UNITS 
| Diode Forward Voltage | Vso S| so 6A | OC | 4 | | 
freweteneytee | «Laat Zi 


“Pulse Test: Width < 300 ys, duty cycle < 2%. 
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RFM12P08, RFM12P10, RFP12P08, RFP12P10 


100 ,| CASE TEMPERATURE (Te) = 25°C 
(CURVES.MUST BE DERATED 
LINEARLY WITH INCREASE IN 


HEA ttt] 


F223] THIS AREA | 
=> LIMITED BY 


EE ros 


DRAIN CURRENT (Ip) —A 


| 10 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vps) — V 


92CS ~- 37106—A1 


Fig. 1 — Maximum sate operating areas for all types. 


POWER DISSIPATION (PT)— 
> 
jo) 
[Veg (thl] 


™ 
oO 
NORMALIZED GATE THRESHOLD VOLTAGE 


0 50 100 150 
CASE TEMPERATURE (Tc)—°C JUNCTION TEMPERATURE (Tj)—°C 
92CS- 37107 92CS~-37115 
Fig. 2 — Power dissipation vs. case temperature derating Fig. 3 ~ Typical normalized gate threshold voltage as a function © 
curve for all types. of junction temperature for all types. 


Vps*!l0 V 
PULSE TEST A 


PULSE DURATION = 8042S 
DUTY CYCLE <2 


nN 
° 


a 


= 
(<7 
° 
— 
i) 
(a 
fs 
Namen 
o 
z l2 
| od 
2 
” 
Ww 
id 


Oo 


+ 


=z 
oO 
uJ 
oO 
ita 
2 
° 
” 
4 
°o 
Ee 
4 
= 
<q 
a 
a 
a 
uw 
N 
a 
< 
= 
a 
° 
z 


ON-STATE DRAIN CURRENT [Ip (on)]—A 


-50 ie) : 50 100 150 
JUNCTION TEMPERATURE (Ty)—°C GATE -TO~SOURCE VOLTAGE (Vgs) — V 
92C$- 37108 92CS-37114 


_ Fig. 4 — Normalized drain-to-source on resistance as a function Fig. 5 — Typical transfer characteristics for all types. 
of junction temperature for all types. 
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RFM12P08, RFM12P10, RFP12P08, RFP12P10 


100 


GATE 
SOURCE 


VOLTAGE 
75 


Ri = 8.32 
Ig (REF) = 0.92 mA 


50 


Vos — Volts 
Vos — Volts 


25 


Ig (REF) 
Ig (ACT) 


Ig (REF) 
80 75 (ach 


TIME — Microseconds 9205-37642 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


Ves 2lOv 
PULSE TEST 
PULSE DURATION =80 nS 


‘2 
He tt 
DUTY CYCLE <2% Horr 


HH 125 
[T) 


°C a 
ae 
ry 


DRAIN -TO—SOURCE ON RESISTANCE 
[tpg lon )]—ohms 


saenen 
auaaaneees CYITTT pan 
ie) 2 4 6 8 fe) 12 14 16 18 


DRAIN CURRENT(Ip)—A 
92CS-371ll 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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DRAIN CURRENT (In) —A 
92CS-37113 


Fig. 10 — Typical forward transconductance as a function 


of drain current for all types. 
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PULSE TEST 

PULSE OURATION #80 nS 

DUTY CYCLE S2% 

CASE TEMPERATURE (Tc) = 25°C 


< 
| 
a 
H 
K 
z 
Ww 
a 
a 
> 
Oo 
= 
< 
a 
Qa 


DRAIN - TO-SOURCE VOLTAGE (Vpg)-V 
92CS-37H0 


Fig. 7 — Typical saturation characteristics for all types. 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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bi 

Lt. 

ee 2 

(on 

40. +5 = 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V oc 
92CS-37112 = 

(om 

a. 


8.30 


Vo 
TO SCOPE 


~ KELVIN 
CONTACT 


= 92CS-37383 


Fig. 11 — Switching Time Test Circuit 


RFD15P05/05SM 
RFP15P05 


P-Channel Enhancement Mode Power 


i} HARRIS 


May 1992 | Field Effect Transistors (MegaFETs) 
Features ee Packages 
re z TO-220AB 
° 154, 50V — | TOP VIEW 
* 'DS(on) = 0-150 2 DRAIN = | 
e——— 
¢ UIS SOA Rating Curve (Single Pulse) a ———____— ae 
* SOA is Power-Dissipation Limited | GATE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
TO-251AA 
© High Input Impedance TOP VIEW 
Description debe 
Pp ota — 9 DRAIN 
The RFD15P05, RFD15PO5SM and RFP15P05 p-channel pr are 


power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 

‘ ‘ ae TO-252AA 
They were designed for use in applications such as TOP VIEW 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated DRAIN 
circuits. TAB 


The RFD15P05 is supplied in the JEDEC TO-251AA plastic 
package and the RFD15PO5SM in the TO-252AA plastic 
package. The RFP15P05 is supplied in the JEDEC 
TO-220AB plastic package. 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


D 
G 
S 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
Drain=Source Voltage, Vins Oise: od srad Herdtie a nc Wie ab tiers a hw AS Core SR WOW nw SE's VS eS Radel new EN Caia's Bb 88 Welle Se ies -50V 
Drain=-Gate Voltage; (RES = 1M); VO GR ai «cea aee neh carn tela 60s Se BERK ESSN Fae Dey TNS DERE REE Ess Mae w ease eee Ss -50V 
Gate=Source Vollage; VSS sca etesiw iene cso ewe ce aie ee ne iee Made eeue bia taw sang ees kek hee eee ees te eave eases aches eek +20V 
Drain Current 
RMS Gontunuous lj occa iis eh wt oowiiak Geese towel ierense s saat eMiea tia sweets Neral ends thst aeetaues tenet -15A 
SP UISCO MIN ssn P anh ue Sa Sea ay ORs Waa ER AG STONERS MR Aah ws ee eels ah e ae Nuss SSSA wou besa e mae ios Alen hate aes -40A 
Avalanche Curent, [NG vs oa pine ee baa ees bee eee de See en oeeeea oes dae wha MERE ah a Rae eee Gu ENG ek Saey sgigaes ae See Figure 2 
Power Dissipation, Pp: | ; | | 
VG Se O0G ris wedine pais oyiaiwtpesieats ad oes eis cues be AN cee wea ates Coeuatad puaee sled mites aware oan eines eeaeey 80W 
Derate Above TG = 259°C i cas ranches accuse gas ta leew ke Benue ee aces aah Saw ade Coes WoROa we elds Sera aWss Heda 0.533W/9G 
Operating and Storage Junction 
Temperature Range, Tj; TS 7Gsaess onces sates wes 4 ie via ian Coed a des ober a aie.e WE oa Sw alls Eee be GU Neues eine Vie -559C to +1759C 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. File Number 2387.1 
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DRAIN CURRENT (Id) - AMPS 


Specifications RFD15P05, RFD15PO5SM,'RFP15P05 


LIMITS 
UNITS 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25 mA, Ves = OV 
Gate Threshold Voltage VGSith Vas=Vps. Ip =0.25mA 


Zero Gate Voltage Drain Current IDss Vos = -40V, Ves =0V 
To = 150°C 


— a = oad ace (clampy -10V, +0.6V 
on ae ea oe 
PFallTime CC 


100 
0.150 


i 
om ie) 
— | 
<< 
DOD |O 
= [m 


mia 
on ce) 
= 
< 
Ls 


Fall Time 


Eeeen 7 ee 
Plateau Voltage Ip = 15A, Vpg =-15V 
Cott 


| Vpp = -25V, Ip = 7.5A, Ry = 3.332 


75 
17 
L=0.2ypH, Ilg1 =Ig2 =0.4A 
VGS (clamp): ~10V, +0.6V 
Thermal Resistance, Junction to Case Roc TO-220AB, TO-251AA, TO-252AA OC/W 
Thermal Resistance, Junction to Ambient RoJA TO-251AA, TO-252AA - 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS 


Diode Forward Voltage 
Reverse Recovery Time ft | 


-_-~ 
[ al 
< 
1°) 
— 


Turn-Off Energy Loss per Cycle 


Vgs = -20V 

100 ——_7{—— oo oo fe 
mae Ca GE tn ery ay He 
)-25degC ere eel Pota| es as at 
aes ares as ae eG Manas foe fae 
Hm os 6 
FH a ea ea! mies 
aa Reena HH fale) 

I. aw IP mal STARTING 1} = 25der 
See = Ban TIS TARTING Odegd 
—g \7 a +4 10 tee spate ~ (ED ES sO SRS Ga IT 
= ‘OPERATION IN- a So eee ae Gen es te RR 
AREA IS LIMITED BY RdsClon) = re ee pNet OT oP NAT 
sommes race remraas tromae (ace fed (oi On al (ce aes Ces se po EN Pe er 
i eae a SE EE Hs tt 
ile see aes ee el ee == ae ee Es BER eee ee 
ae ee ee A tevetivendds nafepleees -vey | | LEE] |S 
=e a ee a | tava(L)( RATED) 8Vass - Vda a ie 
at --|--|-}- — e If R40 wal 
ene {fe | tav=(L/R) Inf RATED BVd ( is 

0.1 : 1 - 


10.0 


DRAIN-TO-SOURCE VOLTAGE (Vdse) - VOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 


Figure 1 - Safe operating area curve. (Curves must be derated linearly _ Figure 2 - Unclamped inductive-switching safe-operating-area curve. 


with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id) - AMPS 


DRAIN CURRENT (d)-AMPS 


NORMALIZED Rds(on) 


RFD15P05, RFD15PO5SM, RFP15P05 


2 50 75 100 125 150 176 
CASE TEMPERATURE (Tc) - degC 


Figure 3 - Maximum continuous drain current vs. temperature. 


| PULSE DURATION=80us Tc=25degC 


-6 -8 -10 


0 -2 4 
DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


Figure 5 - Typical saturation characteristics. 


PULSE DURATION=250us Vge-l0V Id-15A 


-50 0 60 100 160 200 
JUNCTION TEMPERATURE (TJ) - degl — preupcg 


Figure 7 - Normalized rDS(on) vs junction temperature. 


POWER OIFSSIPATION MULTIPLIER 


0 25 50 1 100 125 150 176 
CASE TEMPERATURE (Tc) - degC 


Figure 4 - Normalized power dissipation vs temperature derating curve. 


Vdd~-15V 


PULSE DURATION=250us 
DUTY CYCLE=.5Z MAX 


ON-STATE ORAIN CURRENT {IdCon)] - AMPS 


GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


Figure 6 - Typical transfer characteristics. 


Cth)] 
co) 
Mu 
cI 


NORMALIZED pits THRESHOLD VOLTAGE 
gs 


-50 0 50 100 160 200 


Figure 8 - Normalized gate threshold voltage. 
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e e ol 
CAPACITANCE (C)—pf 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 
(an) oO — 
Oo ao Oo 
a: 
on 
t | | 


RFD15P05, RFD15PO5SM, RFP15P05 


Id=260uA 


"~5O 100 160 200 z : 
JUNCTION TEMPERATURE (TJ) - degC — aineps SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 
Figure 9 - Normalized drain source breakdown voltage vs temperature. Figure 10 - Typical capacitance vs voltage. 
-50 -10 


RL=3.33 OHMS 
KQREF)= 0.6mA 
Vos=10V 


1 
re) 
ay 
wn 


Vdd= Vdss 


”) w Pike 
Hi a di 
ze ; 23 
B 0.50 Vdss a <= 
> > = x 

ar Lu 

a= 
-12.5 ~ 


0.25 Vdss 
A DRAIN-SOUR( 


1g OEP Ig(REF) 
20;gacT) —*TIME-MICROSECoNDS = ®° "igac 


Fig. 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


VDD 
RAL 
VS 
Igi=1g2 DUT 
0 
10V 
Switching Test Circuit Switching Waveforms 


Figure 12 - Resistive switching. 
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RFD15P05, RFD15PO5SM, RFP15P05 


VARY t, TO OBTAIN 
REQUIRED PEAK Ins easel 


Rc 


BVoss 


UIS Test Circuit UIS Waveforms 


| Figure 13 - Unclamped-inductive-switching test. 
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Features 

e -25A, -100V and -80V 

* rDS(on) = 0.152 

e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


® Majority Carrier Device 


Description 


The RFH25P08 and RFH25P10 and the RFK25P08 and 
RFK25P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFH series types are supplied in the JEDEC 
TO-218AC plastic package and the RFK series types in the 
JEDEC TO-204AE steel package. 


RFH25P08/25P10 
RFK25P08/25P10 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 


TO-218AC 
TOP VIEW 


DRAIN 
DRAIN 


TO-204AE 
BOTTOM VIEW 
DRAIN 
SOURCE 4, (FLANGE) 
© 
GATE 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 


RFH25P08 

Drain-Source Voltage ....... ccc cece eee e eens Vos -80 
Drain-Gate Voltage (RG@sg =1mN) ............ VDGR -80 
Continuous Drain Current 

RMS Continuous: an 56s wescawcu@ea wets seas Ip -25 

Pulsed Drain Current...........ece eee eeeeees IDM -60 
Gate-Source Voltage ..... ccc eee e cence eens Ves +20 
Maximum Power Dissipation 

iG eC seein Sains dala Sousan eas Pp 150 

Above To = +259C, Derate Linearly ............. 1.2 
Operating and Storage Junction ........... Ty, TSTG -55 to +150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 
G 
Ss 
RFH25P10 RFK25P08 RFK25P10 UNITS 
-100 -80 -100 V 
-100 -80 -100 V 
~25 -25 -25 A 
-60 -60 -60 A 
+20 +20 +20 V 
150 150 150 W 
1.2 1.2 1.2 W/°C 
~55 to +150 -55 to +150 -55 to +150 ole; 
File Number 1632 


P-CHANNEL 
POWER MOSFETs 


Specifications RFH25P08, RFH25P10, RFK25P08, RFK25P10 
Electrical Characteristics (Tc = 250C), Unless Otherwise Specified 


_ LIMITS 
| RFH25P08 RFH25P10 
RFK25P08 RFK25P10 
SYMBOLS 


CHARACTERISTIC . CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1.0mA, Ves =O 
Gate Threshold Voltage VGSith) Ves=Vps:!p = 1mA 


Zero-Gate Voltage Drain Current IpDss Vos =-65V 
| Vps =-80V 
To = 125°C 


Gate-Source Leakage Current less Vas = +20V, Vps =0 


Drain-Source On-Voltage VDS(on) Ip = 12.5A, Vas = -10V 
Ip = 25A, Vag = -10V 


( * 
Static Drain-Source On Resistance 'DS(on)* Ip = 12.5A, Vas = -10V 
Forward Transconductance Ip = 12.5A, Vps = -10V 

f= 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time ta(on) Ip = 12.5A, Vps = -50V 
Ba ea RGEN =R@s = 502 

Turn-Off Delay Time ta(off) 
Thermal Resistance Junction-to-Case ReJC RFK25P08, RFK25P10 es 0.83 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


ai, 
21 & 
ca 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFH25P08 RFH25P10 
oe RFK25P08 RFK25P10 
CHARACTERISTIC SYMBOLS CONDITIONS | MAX 


Diode Forward Voltage 
Diode Reverse Recovery Time IF =4A 


dif/dt = 100A/us 


300 (typ) 


** Pulsed test: Width < 300us, duty cycle < 2%. 
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RFH25P08, RFH25P170, RFK25P08, RFK25P70 


CASE TEMPERATURE(Tc)= 25°C 

(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN EEE RETO RE 


ers 
ESS es 


Le ae 
a HEINE ES 


Fest 


ied #4 ce 


Hessen 
SS EBSESS TE IN 


DRAIN CURRENT (Ip)-A 


BS SZEE 
og 


BESS SSE aN ee ease BSE 


Voss (MAX) = -80V (RFH25P08, 
RFK25P08) 


z Voss (MAX) = ~100V (RFH25P10, Fy nee 


creed sae ae 


Ht H 
Hitt Ht Hy t} HH 
ao a : EE 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
92CS-38773RI 


Fig. 1 - Maximum safe operating areas for all types. 


Ve EEE EEE eee R-] tY) a5V Seeusueeseenneuse TTT TTT TTT TT ry 
a SEeneueeusnees PEE EH OS epeueebeueceucecnsGaitcecese tees 


Ip* ImA | a ggesene 
Yd sen 
suEuae 


P-CHANNEL 
POWER MOSFETs 


CVgs5 (th) 


POWER DISSIPATION (P7)-W 
NORMALIZED GATE THRESHOLD VOLTAGE 


CASE TEMPERATURE (Tc )—*C JUNCTION FE UERATORE (Ty )=°C 


92CS-3723I 
92CS-37241 
Fig. 2 - Power dissipation vs. temperature derating curve for all Fig. 3 - Typical normalized gate threshold voltage as a function of 
types. junction temperature for all types. 
Vos =-10V 5 
a _| PULSE TEST 
! PULSE DURATION =80us . 
2 = DUTY CYCLE < 2% . 
; 2 a9 — HH 
Q yee oe H ze s 
2 row) _] Ty sa a 
{e) a TI — : 
°8 z 14 = : 
d§ e rH a a 
1a 5° UH H H 
Zz oe 4 
WJ =z 
5g @> 
os a 4 
a 
we ' 40 
NG uJ | 
ou Lo a 
te < a 
= 7 Bs 
[ mt ; 
6 4 AAMT =- 40°C 
a 2 BeGseeeees 
Oo -l -2 3 -4 #5 -6 -7 #®@ ~«3 +0 
ie GATE - TO- SOURCE VOLTAGE (Vec)-V 
JUNCTION TEMPERATURE (Ty } Cc GS 92CS-37243 
92CS- 37242 
Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFH25P08, RFH25P70, RFK25P08, RFK25P10 


ae i PULSE TEST 
GAT PULSE DURATION=80 ys 
SOURCE DUTY CYCLE <2% 
VOLTAGE CASE TEMPERATURE (Tc) 
75 
<q 
t 
° H 
i 50 . 
2 vn 
a oO Lj 
> ~ o 
~ 
oO 
25 ss 
<z 
= 
a 
° i Vos = SV Ee 
Ig (REF) : 
Ig (ACT) 
TIME — Microseconds re) - -2 3 -4 -5 -6 -7 
ai DRAIN- TO-SOURCE VOLTAGE (Vp¢)— V 
92CS-37245 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 


V6s* -10V 
PULSE TEST 


PULSE OURATION =80xus 
OUTY CYCLE <2% 


FREQUENCY (f) = 1 MHz 
COCO 


CAPACITANCE (C)—pF 


DRAIN SOURCE ON RESISTANCE 
Crps(on)]— OHMS 


DRAIN CURRENT (Ip )—A DRAIN-TO-SOURCE VOLTAGE OE tia 
92CS-37246 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 


DUTY CYCLE ¢<2% 
saeeeeen - 


2 UeS.? 
PAT TY 
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Hee 
PET ETT Ey TTT 
4 6 8 10 {2 14 16 
DRAIN-TO-SOURCE CURRENT (Ip )-A 


92CS-37248 


92CS-37408 


Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 
current for all types. 
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Features 

e -30A, -50V 

* DS(on) = 0.065 © 

e UIS SOA Rating Curve (Single Pulse) 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 

e 175°C Operating Temperature 


Description 


The RFG30PO5 and RFPS3OPO5 _p-channel 


RFG3OPO05 
RFP3SOPOS 


P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 


Packages 


TO-220AB 
TOP VIEW 


— —_, SOURCE 


DRAIN 
(F “L 
$$$ GATE 


TO-247 
TOP VIEW 
DRAIN 
(TAB) SOURCE 
b+ OC DRAIN 
power GATE 


MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 


of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as_ switching 
regulators, switching converters, motor drivers, 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


relay 


drivers, and emitter switches for bipolar transistors. These D 
transistors can be operated directly from integrated circuits. 


The RFG30P05 is supplied in the JEDEC TO-247 plastic 
package and the RFP30PO0O5 in the TO-220AB plastic 


package. 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


Drain-Source Voltage, VOSS... . cece cece eee ee ce eeee 
Drain-Gate Voltage, (RGS = 1M22), VDGR «+e eee ee eee 
Gate-Source Voltage, VGS ....... cece cee ee cece eens 


Drain Current: 


RMS Continuous, Ip ...... ccc cee cece eee ee ewe ees 
POISE ID i cueinke sche wih eed bene s Ve ONG es wren ek ae 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 


Power Dissipation, Pp: 


TOP H2S°S cis ve eoniee dei eeds cee sagieenerensdaes 
Derate Above TG = +259C ..... cece cece cent ences 


Operating and Storage Junction 


Téemperatire Range, 1), UST Gs skaceiee sceesa eeu eee es 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
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P-CHANNEL 
POWER MOSFETs 


Specifications RFG30P05, RFP30P05 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25 mA, Vas = OV | -s0 | - | vi 
Gate Threshold Voltage VGSith Vas =Vps, |p =0.25mA | 2 | 4 | ov | 


Zero Gate Voltage Drain Current Vps = -40V, Vas =0V Se 
Gate-Source Leakage Current lass Ves = + 20V 


| = | 00 | na | 
‘| Static Drain-Source onResistance | rgion) | ID=30AVGs=-1ev_ | foes | 


Vpp = -25V, Ip = 15A | 


Turn-On Delay Time ed, 15(typ) | - | ns 
e : . Ves (clamp): -1 OV, +0.6V 
Rise Time R= 1.670 2sitye) | - | ns 


TPisteauvotage——SSS~*C‘Mipiteany) | Wo =90AVos=-1ev dT = te | 


Turn-Off Energy Loss per Cycle Vopb =-25V, Ip = 15A, RL = 1.679 i a 


L=0.2uH, Ig1 =1g2=0.8A 
Ves clamp): -1 OV, +0.6V 


fest | - | re 
ET ES 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN | MAX. | UNITS 


CASE TEMPERATURE (Tc)=25 degC 


a 
a 
a 
aE 
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a 
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Ec ELE ab ihe ladder fo 
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DRAIN-TO-SOURCE VOLTAGE CVds) - VOLTS TIME IN AVALANCHE Ctav) - MILLISECONDS 
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Figure 1 ~- Safe operating area curve. (Curves must be derated linearly Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id) - AMPS 


RFG3OP0O5, RFP3OP05 


50 75 100 125 150 
CASE TEMPERATURE (Tc) - dagl 


Figure 3 - Maximum continuous drain current vs case temperature. 


DRAIN CURRENT (Id) - AMPS 


NORMALIZED Rds(on) 


75 


60 


45 


30 


15 


PULSE DURATION=250us  Tc=25degCl 


DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 


Figure 5 - Typical saturation characteristics. 


PULSE DURATION=250us Vgs=-!OV Id=30A 


0 50 100 150 
JUNCTION TEMPERATURE (Tj) - degC 


Figure 7 - Normalized on-state resistance vs 
junction temperature. 


POWER DISSIPATION MULTIPLIER 


as 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC 


Figure 4 - Normalized power dissipation vs case temperature. 


Vds=-15V 
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GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


Figure 6 - Typical transfer characteristics. 
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NORMALIZED ante THRESHOLD VOLTAGE 
gs 


-50 0 50 100 150 200 
JUNCTION TEMPERATURE (Tj) - degC 


Figure 8 - Normalized gate threshold voltage vs junction temperature. 
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NORMALIZED DRAIN-TO-SOURCE 


BREAKDOWN VOLTAGE (BVdss) - VOLTS 


RFG30P05, RFP30P05 


Id=250uA Vgs=0V FREQUENCY (f)=!MHz 


3 
S 


5 


CAPACITANCE (C) - pf 


1000 


‘ 0 

-50 0 50 100 150 200 a) -5 -10 -15 -20 
JUNCTION TEMPERATURE (Tj) - degl DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 

Figure 9 - Normalized drain source breakdown voltage vs Figure 10 - Typical capacitance vs voltage. 


junction temperature. 


RL=1.67 OHMS 
Ig(REF)= 1.8 mA 


j g 
| ! 
3 : 
> > 
DRAIN—SOURCE VOLTAGE 
Ig(REF) 
20 19(ACT) 
TIME—MICROSECONDS 
Figure 11 - Normalized switching waveforms for constant gate current. 
(Refer to application notes AN-7254 and AN-7260.) 
VoD 
AL 
Vos 
igi=Ig2 DUT 
7 “is: 
0 | SuveRIED GATE CURRENT 
10V 0 
= Wg ee noe a Se ee SS 
Switching Test Circuit Switching Waveforms 


Figure 12 - Resistive switching. 
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RFG30P05, RFP30P05 


VARY t, TOOBTAIN . 
REQUIRED PEAK Ios bia 


Rg 


INVERTED 


UIS Test Circuit 


Figure 13 - Unclamped-inductive-switching test. 
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UIS Waveforms 
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MHARRIS |. RFG30P06 
RFP30P06 


P-Channel Enhancement Mode Power 


August 1991 | Field Effect Transistors (MegaFETs) 
Features Packages 
TO-220AB 
Suen coy TOP VIEW 


* DS(on) = 0-075 © 


e UIS SOA Rating Curve (Single Pulse) (FLANGE) — sot rie 
° SOA is Power-Dissipation Limited lee __ GATE 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance | Ege 

© 175°C Operating Temperature pa Gay SOURCE 
Description L+ > DRAIN 
The RFG30PO06 and RFPSOPO6 p-channel power i™ _————e GATE 


MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 


silicon, resulting in outstanding performance. They were Terminal Diagram 


designed for use in applications such as switching P-CHANNEL ENHANCEMENT MODE 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These D 


transistors can be operated directly from integrated circuits. 


The RFG3OPO6G is supplied in the JEDEC TO-247 plastic 
package and the RFPSOPO6 in the TO-220AB plastic 
package. G 


Ss 

Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
Drain-Source VOllagG, VOSS dicinioevacie te cind Un calaee ten Seniehe ee RST Awe He ene cedas Meu eho Mew Peek eine sw adene pahew seeS EE -60V 
Drain=Gate Voltage, (RES = 182); VIG ase srece kt cee ease Ue Soi ese sede kets ee a eons ais AM ie a aiun teen eS aw awa ns -60V 
Gate=Source VONAGE VG: iactiecdtw hited eerew baste ent sah een Seema eee meses sore Cee gaa etebede eet amarenalenaaad s +20V 
Drain Current: 

RMS Continuous) lip:.s.ccuw ceee ceancasea aire ein erdsdeiees ade ereranevee sh oo tuaC Ree deis eae dees bebe eh juste See uaed ~30A 

Pulsed, ) ) Po he ree ee eee ee ee rene ern n rr ~75A 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 
Power Dissipation, Pp: 

MOEA 59 Cites hace aS scat aod cates da einen Sa wk Lh hadnt OL eee Ohed COOE cage senda e utube aaa eRe aieaees 135W 

Derate Above To = +25°C ........ ee ee eee ee er ee oe Pee Seren er ee eer eee 0.9W/°C 
Operating and Storage Junction 
Jeiiperature Range, Tj; TS Giviwatteet ccasctceed ei eiedentasctass ties t Petaan eeae ore ewseead are tGR nase eeys -55 to +1759C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. File Number 24 37 
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Specifications RFG30P06, RFP30P06 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25 mA, Vas = OV 
Gate Threshold Voltage VGS\lth Vas =Vps: Ip = 0.25 mA 


Zero Gate Voltage Drain Current lpss Vps = -40V, Ves =O0V 
Tc = 150°C 


Oe as 


Turn-Off Energy Loss per Cycle Vpop =—30V, Ip = 15A, RL = 2.00 


L=0.2uH,Ig1 = Ilg2 =0.8A 
Thermal Resistance, Junction to Case 


n): -10V, +0.6V 
Thermal Resistance, Junction to Ambient 


P-CHANNEL 
POWER MOSFETs 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS UNITS 


Reverse Recovery Time Isp = 30A, djsp/dt = 100A/us } = | 150 | 
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Idm 


100.0 


il 


iy 


@ 
M9 
i] 


il 
mui 


la 
= 


2 


TCE 


i 
TT] 
Ss) 


2D 
| om J 
wo 


Tas - AMPS 


— 
a 
po 9) 


iz 
Es 
ea 


Wi 
rit 


Seca ay 4 


dCi ap 7 B} RATED BVdsis4iViéD 
Saati 8 Ipc baggRo7c1 {9 AATEG Habe bese 
0.1 1.0 10.0 


-1 -10 -100 TIME \ Peart: 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS eB ANCHE: cava 27H UETSECONDS 


DRAIN CURRENT (Id) - AMPS 


Sallie 
Cri 
TTT Te 
oo 
a 
4 
d 


PETG SE PUTT 
SA FA 
BU TATE ETT 


cot 
Pol TU TU PET 


mt et 
+2 
< 
1a ot 
oa 
Tor 


ct 
a 
< 
lal 


AX 


CS A | 


Kk 
ue 
EE EB Si TH 
Ba 

oe ott tT 


Ors 
s) 


.0 


Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id) - AMPS 


RFG30P06, RFP30P06 


25 50 75 100 125 150 175 


CASE TEMPERATURE (Tc) - degC 


Figure 3 - Maximum. continuous drain current vs case temperature. 


DRAIN CURRENT (Id) - AMPS 


NORMALIZED Rds(on) 


5 PULSE DURATION=250us Te=25degCl 
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45 


30 


DRAIN-TO-SOURCE VOLTAGE. CVds) - VOLTS 


Figure 5 - Typical saturation characteristics. 


PULSE DURATION=250us Vgs=-10V Id=30A 


-50 0 50 100 150 200 
JUNCTION TEMPERATURE (Tj) - degC 


Figure 7 - Normalized on-state resistance vs 
junction temperature. 


ON-STATE DRAIN CURRENT [{IdC€on)] - AMPS 


POWER DISSIPATION MULTIPLIER 


“0 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC 


Figure 4 - Normalized power dissipation vs case temperature. 
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Figure 6 - Typical transfer characteristics. 
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Figure 8 - Normalized gate threshold voltage vs junction temperature. 
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NORMALIZED ORAIN-TO-SOURCE 


BREAKDOWN VOLTAGE (BVdss) - VOLTS 


RFG3OPO6, RFP3OPO6 
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Figure 9 - Normalized drain source breakdown voltage vs 
junction temperature. 
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Figure 10 - Typical capacitance vs voltage. 
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Figure 11 - Normalized switching waveforms for constant gate current. 
(Refer to application notes AN-7254 and AN-7260.) 
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Toff 
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Switching Test Circuit 


Switching Waveforms 


Figure 12 - Resistive switching. 
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RFG30P06, RFP30P06 


VARY ty TO OBTAIN 
REQUIRED PEAK Ios 


Rg 


INVERTED 


UIS Test Circuit UIS Waveforms 


Figure 13 - Unclamped-inductive-switching test. 
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a? HARRIS RFGG6OPO5E 
RFG60PO6E 


P-Channel Enhancement-Mode Power 


August 1991 Field-Effect Transistors (MegaFETs) 
Features Package 
¢ RFG6OPOS5E = -60A, -50V, rps(on) = 0.0262. TO-247 
* RFGG6OPOSE = -60A, -6OV, rps(on) = 0.0302 eyes 
e Electrostatic Discharge Rated 
e UIS SOA Rating Curve (Single Pulse) | TTAB) Y > SOURCE 
e SOA is Power-Dissipation Limited a DRAIN 
e Nanosecond Switching Speeds o™ eee GATE 


e Linear Transfer Characteristics 
e High Input Impedance 


e 175°C Operating Temperature Terminal Diagram 
/ 


Descrip tion P-CHANNEL ENHANCEMENT MODE 


The RFG6OPO5E and RFG60PO6E p-channel ESD rated D 
power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature’ sizes 


approaching those of LSI integrated circuits, gives optimum 2 
utilization of silicon, resulting in outstanding performance. G ai 
They were designed for use in applications such as = 2 
switching regulators, switching converters, motor drivers, <= 
relay drivers, and emitter switches for bipolar transistors. © wi 
These transistors can be operated directly from integrated S a. = 
Circuits. a. 
The RFG6OPO5E and RFG60PO6E are supplied in the 
JEDEC TO-247 plastic package. 
Absolute Maximum Ratings (Tc = 259C), Unless Otherwise Specified 
RFG6O0POSE RFG60PO6E UNITS 

Drain-Source VOlagG 1 sods i seisaienceaes noe eeacae se hagnwseuua ein eiesieee Vpss -50 -60 V 
Drain-Gate Voltage (RGS = 1MO) ...... cece cece cence ccc e ence esseeens VpGR -50 -60 V 
Continuous Drain Current 

RMS Continuous iv 20iwsitiwcea sours ete ewadswrs aa ee eee eae ee sues Ip -60 -60 A 

Pulsed Drain Current. i. 03:2 ceed ewe tw ed ee ee soln teae anes news cde Sak oie nA IDM -150 -150 A 
Gate=Source Voltages w:cccstiwisccsaa wwe aguniome bias 8 asceawa sean eeidays Ves +20 +20 V 
Electrostatic Discharge Rating: sss seicced se wdawe wie nwiae cba weee eee mesdie Esp 2 2 KV 

MIL-STD-883, Category B(2) 
Single Pulse Avalanche Rating (Refer to UlIS SOA Curve) 
Maximum Power Dissipation 

BN Mania nish) CRAPO ee ee Pee ea Te rn ee rr a ee ee Pp 190 215 W 

Above To = +259C, Derate Linearly ...... cece cece cree eee e eee e cee neneees 1.27 1.43 W/9C 
Operating and Storage JUNCHION ... 6... ccc cece cence erect eeneenee Ty, TSTG  —55to+175 -55to+175 °C 

Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2745.1 


Copyright © Harris Corporation 1991 
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Specifications RFGGOPO5E > 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS | TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25 mA, Veg = OV 
Gate Threshold Voltage VGSith Ves=Vps: Ip =0.25mA 


V 


Zero Gate Voltage Drain Current — Vps = -40V, Ves = OV 
Gate-Source Leakage Current ligss Vas = 20V 


bb: 


Static Drain-Source on Resistance ID = 60A, Vas = -10V 


Turn-On Time Vpp = -25V, Ip = 30A 


Turn-On Delay Time taon i less: annie 20 (typ) 
Rise Time pt | Rp =0.830 70 (typ) 


Turn-Off Delay Time 
Fall Time te 


Turn-Off Time . 
Total Gate Charge Vpp =-40V 
Gate Charge at -10V 


Threshold Gate Charge 
Ip = 80A, Vos =-15V 


Plateau Voltage 
Eoftf VobD = -25V, Ip = 390A, Rr = 0.832 
L=0.2pH,Igi =!Ig2 = 2.0A 
Ves clamp): -1 OV, +0.6V 
Thermal Resistance, Junction to Case Rogsc 
Thermal Resistance, Junction to Ambient RoJA 


nm 1 oOo 
oO;}o 
ZIis 
youn me) 
nO al 


3/3 
Q) 


3 


Turn-Off Energy Loss per Cycle 


= 
a 


0.79 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Diode Forward Voltage Isp = 60A 
Reverse Recovery Time Isp = 60A, djsp/dt = 100A/ps 


LIMITS 
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Specifications RFG60PO6E 


Electrical Characteristics (Tc = +25°9C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss ID = 0.25 mA, Vas = OV 
Gate Threshold Voltage . VGSith Vas =Vps; !p = 0.25 mA 


Zero Gate Voltage Drain Current IpDss Vos = -48V, Vas = OV 
Tc = 150°C 


Gate-Source Leakage Current less Vas =+20V 
Static Drain-Source on Resistance ID = 60A, Vqgs =-10V 


RL = 1.02 a se 


Turn-Off Energy Loss per Cycle Eoff Vop =-30V, Ip = 30A, RL = 1.09 


| 225 | nc 


L = 0.2nH, lgi =Ig2 =2.0A 
7-10V, +0.6V 


Thermal Resistance, Junction to Case RoJc Dee 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN. | MAX. UNITS 


Reverse Recovery Time ptr | Isp = 60A, digp/dt = 100A/ps | - | 200 | ns | 
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P-CHANNEL 
POWER MOSFETs 


DRAIN CURRENT (Id) - AMPS 


RFG60PO5E, RFG6OPO6E 


ORAIN CURRENT (Id) - AMPS 


| 
~| -10 -100 -{ ~10 *-100 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS DRAIN- TO-SOURCE VOLTAGE (Vds) - “VOLTS . 


FIGURE 1. RFG60POSE ~- SAFE OPERATING AREA CURVE FIGURE 2. RFG6OPOGE - SAFE OPERATING AREA CURVE 


Tas - AMPS 


DRAIN CURRENT (Id) - AMPS 


las - AMPS 


1.0 : : 1.0 
TIME IN AVALANCHE (tav) - MILLISECONDS TIME IN AVALANCHE (tav) - MILLISECONDS 
FIGURE 3. RFGGOPO5E - UNCLAMPED-INDUCTIVE- FIGURE 4. RFG6OPO6E - UNCLAMPED-INDUCTIVE- 


SWITCHING SOA (SINGLE PULSE UIS SOA) SWITCHING SOA (SINGLE PULSE UIS SOA) 


POWER DISSIPATION MULTIPLIER 


25 50 75 100 125 160 175 “oO 25 50 76 100 1256 180 175 
CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (Tc) - degC 
FIGURE 5. MAXIMUM CONTINUOUS DRAIN CURRENT FIGURE 6. NORMALIZED POWER DISSIPATION VS 
VS TEMPERATURE TEMPERATURE 
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DRAIN CURRENT CId) - AMPS 


ON-STATE DRAIN CURRENT CId€on)] - AMPS 


NORMALIZED Rds(on) 


RFG60PO05E, RFG6OPO6E 


PULSE DURATION-250us To=25degCl 


0 ~2 a -6 -8 -10 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


FIGURE 7. RFG60PO5E - TYPICAL SATURATION 
CHARACTERISTICS 


Vdd=-15V 


PULSE DURATION=250us Tc26doegCl 


DRAIN CURRENT (Id) - AMPS 


DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


FIGURE 8. RFG60POGE - TYPICAL SATURATION 
CHARACTERISTICS 


Vdd=- 15V 


PULSE DURATION=250us 
DUTY CYCLE=.5Z% MAX 


P-CHANNEL 
POWER MOSFETs 


ON-STATE ORAIN CURRENT (€Id€on)] - AMPS 


0 : -4 -6 -8 -10 -l2 0 4 -4 -6 -8 -10 12 
GATE-TO-SOURCE VOLTAGE (Vge) - VOLTS GATE-TO-SOURCE VOLTAGE (Vge) - VOLTS 
FIGURE 9. RFG60PO5E - TYPICAL TRANSFER FIGURE 10. RFG6O0POGE - TYPICAL TRANSFER 
CHARACTERISTICS CHARACTERISTICS 
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FIGURE 11. NORMALIZED rps(on) VS JUNCTION 
TEMPERATURE 


JUNCTION TEMPERATURE (Tj) - degC 


FIGURE 12. NORMALIZED GATE THRESHOLD VOLTAGE 
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Vds—VOLTS 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (8Vdss) -. VOLTS 


—-37.5 


RFG6OPOS5E, RFGGOPOGE 


2.0 Id=250uA 
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FIGURE 13. DRAIN SOURCE BREAKDOWN VOLTAGE 
VS TEMPERATURE 
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FIGURE 15. RFG6OPO5E - NORMALIZED SWITCHING 

WAVEFORMS FOR CONSTANT 
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FIGURE17a. UIS TEST CIRCUIT 
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FIGURE 18a. SWITCHING TEST CIRCUIT 
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VgeOV FREQUENCY (f)=1MHz 


0 -5 -10 ~15 -20 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


FIGURE 14. TYPICAL CAPACITANCE VS VOLTAGE 
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FIGURE 16. RFG6OPO6E - NORMALIZED SWITCHING 


WAVEFORMS FOR CONSTANT 
GATE-CURRENT 
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FIGURE 18b. SWITCHING WAVEFORMS 
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RFL1IN10L 

RFL1N12L N-Channel Logic Level Power Field-Effect Transistors (L2FET) saan khan bs Vaasa Oe Baa eats’ 6-23 

RFLIN15L 

RFLIN18L N-Channel Logic Level Power Field-Effect Transistors (L2F Ebesouiwedot on 2 een reer 6-27 

RFL1IN20L 

RFL2NO5L N-Channel Logic Level Power Field-Effect Transistors (L2F El) su tsartucveaeaene sae e ieee ae 6-31 

RFL2NO6L 

RFW2NO6RLE N-Channel Logic Level Power Field-Effect Transistors (LOFET) .........cccccc cece ee eeceees 6-35 2 

RFP2NO8L N-Channel Logic Level Power Field-Effect Transistors (L2F Bi eee eo eremere wee ew Gees 6-40 iu u. 

RFP2N10L | ta 2 
=) 

RFP2N12L N-Channel Logic Level Power Field-Effect Transistors (L2FET) Sepsania tad gieigna Ge Au aee ease’ 6-44 a6 

RFP2N15L az 

RFP2N18L N-Channel Logic Level Power Field-Effect Transistors (L2FET) Aa ahem asl Gide wee ara nate tiem eta 6-48 = 

RFP2N20L 

RFP4NO5L N-Channel Logic Level Power Field-Effect Transistors (L2FET) Silk WA a ONC a ae Oe tone nie eee 6-52 

RFP4NO6L 

RFM8N18L/20L N-Channel Logic Level Power Field-Effect Transistors (L2FET) sicriarastaiterat eeGue adeaue each ata Mikes 6-56 

RFP8N18L/20L 

RFM10N12L/15L N-Channel Logic Level Power Field-Effect Transistors (L2FET) sided rath uty ener Sere aieds aedaie tare 6-60 

RFP10N12L/15L 

RFD12NO6RLE N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors................. 6-64 

RFD12NO6RLESM 

RFP12NO6RLE 

RFM12NO8L/10L N-Channel Logic Level Power Field-Effect Transistors (L2FET) eas NicGiene ade eae Stage 6-70 

RFP12NO8L/10L 

RFD14NO5L/O5LSM N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors................. 6-74 

RFP14NO5L 

RFM1S5NO5L/06L ~= N-Channel Logic Level Power Field-Effect Transistors (L?FET) sl a bew iain as Ws au daieia om waeule a 6-79 

RFP15NO5L/06L 


6-1 


DATA SHEETS 


RFD16NOSL 
RFD16NO5LSM 


RFP17NO6L 
RFP25NO5L 
RFP25NO6L 


RFPS5ONOSL 
RFGSONOSL | 


RFD3055RLE 
RFD3055RLESM 
REPSO55RLE 


LOGIC LEVEL POWER MOSFETSs (continued) 


PAGE 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors..............00. 6-83 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors................. 6-88 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors................- 6-92 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (L2FET | ee ree 6-97 
N-Channel Logic Level Enhancement~Mode Power Field-Effect Transistors...............-. 6-102 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors..............0.. 6-64 


it HARRIS 


2N6901 


N-Channel Logic Level 


August 1991 Power MOS Field-Effect Transistors (L2FET) 
Features Package 
TO-205AF 
eBoy D20¥ BOTTOM VIEW 
* rDS(on) = 1.42 
© Design Optimized for 5V Gate Drive SOURCE GATE 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits © 
° ° ° e ° fo} fo} 
¢ Compatible with Automotive Drive Requirements DRAIN 
e SOA is Power-Dissipation Limited (CASE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High input impedance 


e Majority Carrier Device 


Description 


The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 


The 2N6901 is supplied in the JEDEC TO-205AF metal package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage i 5:chic eas tere ese 4 Le meNe Genel y maueleds oa ee Mees 
Drain-Gate Voltage (RGS = 1M) cisceccceveussenwen cacsveseee dense nveese. 


Continuous Drain Current 


MeSH 259 ee eae th ocd a eseealaub suas wnidesdcetan Shins egauasas ies 


Gale=Source Vollade a3 csc ste ee hae Uor eee bedstead et cheds ce aere eee 4d 


Maximum Power Dissipation 


WS F20°G sc ec hiwine' 5 44s Vawasea WaNGRS eedaens Pew ew Ne eeaed uae ween aves 
Above Tc = +2509C, Derate Linearly ........ ccc cece cece cece tee eeneees 
Operating and Storage Junction Temperature Range..........cecceecsecevces 
Maximum Lead Temperature for Soldering .........cecscccescccccsnceceecucs 


At distance > 1/8 in. (3.17mm) from seating plane for 10s max 


*JEDEC registered vajlues 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
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wel Lud 
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o.. 
2N6901 UNITS 
Suswcweoinwmeds Vos 100* V 
sasiiwies esau VDGR 100% V 
ee oe eee ID 1.69* A 
wid leat lasacne Wie torga tis IDM 5* A 
sate oad whines VGs +10* Vv 
dsb euste taal ted GtaS ate Pp 8.33* W 
hice eeeeiialsas 0.0667* W/°G 
sig ecg arta ark ew Ty, TSTG 55 to +150* °C 
srokidte dea otdicalayeta sata’ TL 260* °C 


File Number 1877.1 


Specifications 2N69071 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


*| Drain-Source Breakdown Voltage BVoss_— | t= TMA, Ves=O 100 | — | V 
*|Gate Threshold Voltage Vess(th) | Vas = Vosslo=tmA | 1 | 2 | UV 
*) Zero Gate Voltage Drain Current loss a ks ee ee 
Pensa venspaneren OM [—aarovesy [=o] 
"|Gate-Source Leakage Current stcss_—| Vas = 410, Vos=O0 | — [100 nA 
eee ema vesey [dae 
p= 169A, Ves=5V | — | 2.4 | 
Tc = 125°C, In=1.07A,Vas=5V | — | 2.6 | 
‘|Forward Transconductance et Vos = 5 V, lo = 1.07 A {500 |2000| mmho 
‘[Input Capacitance Cin | 50_| 200 | 
‘[Output Capacitance Ces | 20 | 80 | pF 
‘|Reverse Transfer Capacitance Coo 5 | 20 | 
‘|Turn-On Delay Time stan) Von = 50 V ae Ee 
‘[RiseTime lb = 1.07 A |— | 45 | ns 
‘[Turn-Off Delay Time taf) Roon = Ros = 15.2 ew Eon 
“[FallTime te Ves = 5 V [80 
“[Thermal Resistance Junction-to-Case_ Rao | CE 15 | OCW 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage Vsp@ Isp = 1.69 A 
Reverse Recovery Time tir le = 1A, dir/dt = 50 A/ps 


“In accordance with JEDEC registration data. 
@Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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PERATION IN THIS AREA 
S LIMITED BY "DS (on) 


DRAIN CURRENT (1p)—A 


0 
BEM MEE ESESS EIT1 Tis) RESTS STU) esi RB RS 8S 53 MESES LIES slew SSE en dsee 
BT ee eps Pepe eh had ss re ete | 
$28 EE BE BS TE MS SESLS TINTS Hats RUNNY LETTS 0 NS OES BY MSS CLES TEs! ers! BETTE ees tts BE Ss cE 


ee wueesase macconccne 
OOO CH00t Cs BENT Dl MMOS SSHST ect a! 


r= (CURVES MUST BE DERATED 
Fest} = LINEARLY WITH INCREASE 
IN TEMPERATURE) 


0.08 EHH Hee REL HE 


DRAIN -TO-SOURCE VOLTAGE (Vps)— V 
92CM-40707 


Fig. 1 - Maximum operating areas. 
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2N6907 


POWER DISSIPATION (Pp )—-W 
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CASE TEMPERATURE (Tc )—°C 92CS-40721 JUNCTION TEMPERATURE (Tj ) —°C 92CS-40730 
Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 


Vos 7!5 V 


PULSE TEST 
PULSE DURATION= 80ys 
DUTY CYCLE < 2% 
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ON RESISTANCE [Eros (on 


NORMALIZED ORAIN-TO-SOURCE 
ON-STATE DRAIN CURRENT [Ip(on)]—A 


9 
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50 {00 
JUNCTION TEMPERTURE (Ty )-°C 92¢$-40731 GATE- TO- SOURCE VOLTAGE ( Vgg)—V ee aauas 


Fig. 4 - Typical normalized drain-to-source on resistance to 


junction temperature Fig. 5 - Typical transfer characteristics. 
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Fig. 9 - Switching time test circuit. 
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Fig. 8 - Typical forward transconductance as a function of 
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it? HARRIS 


2N6902 


N-Channel Logic Level 


August 1991 Power MOS Field-Effect Transistors (L2FET) 
Features Package 
TO-204AA 
© 12A, 100V BOTTOM VIEW 
° (DS(on) = 0.20 
- DRAIN 
® Design Optimized for 5V Gate Drive SOURCE L (FLANGE) 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits 
e Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


i . Terminal Diagram 
e Majority Carrier Device 


N-CHANNEL ENHANCEMENT MODE 


Description | D 


The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 
formance is accomplished through a special gate oxide design G 


which provides full rated conduction at gate biases in the 3V - 5V a4 - 
range, therefore facilitating true on-off power control directly from ys 
logic circuit supply voltages. ar = 
=) 
The 2N6902 is supplied in the JEDEC TO-204AA steel package. : oS i 
Ss 
| 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified = 
2N6902 UNITS 
Draln=G0urce VONAGGansscac es iu ak tera waeds see aaa pends ny Vee oe ener eee Vos 100* V 
Drain-Gate Voltage (R&S = MQ): os escc cee ee ieee Se iieae bee eae vba as Saw ONS eRe VDGR 100* V 
Continuous Drain Current 
TS 2590 ok ccs ceeretn odd sepa re eek gator sie Sisal s Wades wee oteueeae eee nwes > Ip 12* A 
Pulsed Drain. Cument. sauciéctes cactus cee ee edie ete Reta ek Seateettate bv aaseteresetet es IDM 30* A 
Gate=Source Voltage is sectecadsctwlid sca sane sounn seen ees yeosel4 sn swe Ween e eee Vas +10* V 
Maximum Power Dissipation 
TGS Rl OO ein hada wees vas Rae a dekaaidndut igor nay Gee en eine heeded Leaceat sae ater Pp 75" W 
Above Te = +25°C, Derate LinGanly 9s cee evetaatiaeAeedie gen eh op bt emeee ued eGde van bee eecs 0.6* W/°C 
Operating and Storage Junction Temperature Range... .....ccece cnc ccceceeeceveccsceecs Ty, TSTG —-55to+150* °C 
Maximum Lead Temperature for Soldering ....... cece cece ce cnc ccc ee serene ee cteseeeessessess TL 260* oC 
At distance > 1/8 in. (3.17mm) from seating plane for 10s max 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 1 87 8.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6902 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc = 25°C) unless otherwise specified 


| | LIMITS 
CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage ~ BVoss lb = 1 mA, Ves = 0 100 
Gate Threshold Voltage | Vas(th) Ves = Vos, In’ = 1 mA 
Zero Gate Voltage Drain Current loss Vos = 80 V 
Tc = 125°C, Vos = 80 V 
I ' 


—_ 


< 


zo 
> 


Gate-Source Leakage Current lass Ves = £10 V, Vos = 0 


| | 
Static Drain-Source On Resistance 'ps(on)@ ID=7.6A 


Vos = §V, lo = 7.68 
Input Capacitance Ciss Vos = 25 V 

Vos = 0V 

f= 0.1 MHz 

Voo = 50 V 

lo=7.6V 

Roon = Ros = 15.9 

Vos = 5 V 


Thermal Resistance Junction-to-Case ~—— ROjc 


2 
ro) 
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> 


~s 
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> |- 
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=) 
Ro) 
TI 


= 
a 
falc 
| 50 
| 100 
| 1.62 
| 02 
| 0.32 
| 900 
| 325 
eet 
| 150 


(o>) 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage Vsp& Isn = 12 A 


Reverse Recovery Time ter lF=4A 
dir/dt = 100 A/us 


* In accordance with JEDEC registration data. 
@Pulsed: Pulse duration = 300 ys, max., duty cycle = 2%. 
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Fig. 2 - Power dissipation vs. temperature derating curve. 
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Fig. 5 - Typical transfer characteristics. 
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@ HARRIS 2N6903 


N-Channel Logic Level 


August 1991 Power MOS Field-Effect Transistors (L2FET) 
Features Package 
TO-205AF 
ooo BOTTOM VIEW 
* DS(on) = 3.652 
GATE 
¢ Design Optimized for 5V Gate Drive SOURCE 
® Can be Driven Directly from QMOS, NMOS, TTL Circuits 0 
¢ Compatible with Automotive Drive Requirements 2 _ DRAIN 


¢ SOA is Power-Dissipation Limited (CASE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Fs : Terminal Diagram 
e Majority Carrier Device 


N-CHANNEL ENHANCEMENT MODE 


Description D 


The 2N6903 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 
formance is accomplished through a special gate oxide design G 


which provides full rated conduction at gate biases in the 3V - 5V 4 
range, therefore facilitating true on-off power control directly from = 
logic circuit supply voltages. | =a 
o 
The 2N6903 is supplied in the JEDEC TO-205AF metal package. : S 7 
a2 
Absolute Maximum Ratings (TG = +25°C), Unless Otherwise Specified = 
2N6903 UNITS 
Draln=SOuree VONAGC sires iat 555 sev cexeshawiatwwe ets Reread ean gee aaa ond ai oerem iene ae oe Vps 200* V 
Drain=Gate Voltage (RES. = 1M) i566 os ie ene ei ree eae cae wwe we ele OR Re ateieis VDGR 200* V 
Continuous Drain Current 
WG S25 PC a i eh ant ee arg te ne ae cecaer ante pa mearaet ae mel a aM ipelte aie Dial secaat ly arene aida Ip 0.98* A 
Pulsed Drain Cumentsc.se seh es wee Sw eee pa peda wine Saal eee weds S AS We ee eae ewe eee cases IDM 4* A 
Gate-Source: Voltage: oc sisac eu di Sas Saale Gente a eta Wldad Canad eeeekuwaenn eats Ves +10* V 
Maximum Power Dissipation 
TGA AOS ei scad siiias eae aad boc oie tnd AeA Gee eaeR manne ae wane det Behe ds Gate Pp 8.33* WwW 
Above To: +259C, Derate LINGANY 60.0% 00s docwedw snr onenehccemegaaeiaeeeleDanaaseedawae ane 0.0667* W/9°C 
Operating and Storage Junction Temperature Range.........ccec ee ccc cece eee ces eeeeeee Ty, TSTG ~-55to+150* °C 
Maximum Lead Temperature for Soldering ...... ccc cece ccc e reece cere nent ence ene eee sere eees TL 260* oC 
At distance > 1/8 in. (3.17mm) from seating plane for 10s max 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number a | 87 9.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6903 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS 


*| Drain-Source Breakdown Voltage BVoss Ip = 1 MA, Ves = 0 
*| Gate Threshold Voltage Ves(th) Vas = Vos, lp = 1 MA 


*| Zero Gate Voltage Drain Current loss Vos = 160 V 
Tc = 125°C, Vos = 160 V 


*| Gate-Source Leakage Current less Vas = £10 V, Vos = 


=0 
| inetd Acai seccement 7 <1 aaa 
In = 0.98 A, Ves = 5 V 
| Tc = 125°C, In =0.62A,Vas=5V | — | 7.7 


*| Forward Transconductance Gis Vos = 5 V, In = 0.62A | 500 |2000| mmho 


CS 
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=| 
wn 
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3 
< |> 


= 
> 


ow 
o 
or 


*! Input Capacitance Ciss Vos = 25 V | | 50 | 200 | 
*! Output Capacitance Coss Ves = OV |15 {60 | pF 


: f= 0.1 MHz 2 | 20 | 

[pests Ton 062A =o 

*| Rise Time i; ln = 0.62A | — | 30 | ns 

"|Turn-Off Delay Time taf) Roon = Res = 15 2 | — | 40 | 
a 


*! Fall Time tr Ves =5V 
*| Thermal Resistance Junction-to-Case Rac | —ss—CC“(‘SSC#CUN = | 185 | °C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 


* 


*In accordance with JEDEC registration data. 
@Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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Fig. 1 - Maximum operating areas. 
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—— 92CS-40744 


Fig. 9 - Switching time test circuit. 


August 1991 


ti HARRIS 


2N6904 


N-Channel Logic Level 


Power MOS Field-Effect Transistors (L2FET) 


Features Package 
TO-204AA 
a eOnY BOTTOM VIEW 
* fDS(on) = 0.62 aca 
¢ Design Optimized for 5V Gate Drive SOURCE / (FLANGE) 


¢ Can be Driven Directly from QMOS, NMOS, TTL Circuits *O) 


O O 


© Compatible with Automotive Drive Requirements 
¢ SOA is Power-Dissipation Limited 

® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


—_ , , Terminal Diagram 
e Majority Carrier Device 


N-CHANNEL ENHANCEMENT MODE 


Description D 


The 2N6904 is an N-channel enhancement-mode silicon-gate 

power MOS field-effect transistor specifically designed for use with 

logic level (5V) driving sources:in applications such as programma- 

ble controllers, automotive switching, and solenoid drivers. This per- 

formance is accomplished through a special gate oxide design G 


which provides full rated conduction at gate biases in the 3V - 5V 4 re 
range, therefore facilitating true on-off power control directly from = 
logic circuit supply voltages. a 
=) 
The 2N6904 is supplied in the JEDEC TO-204AA steel package. = 3 z 
a 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified ee 
2N6904 UNITS 
Diain=SOurce VONAGE vis. wounicavewuthe he casei yalsiwds Jenodeuaeinsasee Maer awenee eed Vps 200* / OM 
Drain=Gate Vollage (RES = IME) codes cates cen notes vedhs ewe ceivvete Mens ebuseue VDGR 200* V 
Continuous Drain Current 
TOO C seats eMac abide ab ea nes wha sok eed mane aghcoueda ee stans tenawae oe aans Ip 8* A 
Pulsed: Drain: Current. cine itddan ed caries wee eetevee sieves ouatoer aad dad wr eaae ae wes IDM 20* A 
Gale-Source VONAGC. sient teed a Paw desis aK ade REND Awe Eee we wee haa Bab aese teal oe Vas #10" V 
Maximum Power Dissipation 
TG 5G ating ok ws ene ko cis Mas racemae te Rees etal ad ealeten ated aeeaeay he eaens Pp 75* Ww 
Above Tc = +259C, Derate Linearly .........ccce cece sce cccceneeceeveetescese iahiineatee cata ey 0.6* W/°C 
Operating and Storage Junction Temperature RAnge....... cece ccc cee cece cnc ceccscecceees Ty, TSTG 7-55 to +150* °C 
Maximum Lead Temperature for Soldering ........cccccccccceccececcecvscescesceceseeucveees Th 260* oC 


At distance > 1/8 in. (3.17mm) from seating plane for 10s max 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1880.1 
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Specifications 2N6904 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 
CHARACTERISTIC TEST CONDITIONS 


. Drain-Source Breakdown Voltage BVoss = 1mA, Vas = 0 


, Gate Threshold Voltage Vaes(th) Ves = Vos, lo = 1 MA 1 


Ip 
* |. Zero Gate Voltage Drain Current loss | Vos = 160 V 
Tc = 125°C, Vos = 160 V 


* | Gate-Source Leakage Current lass Ves = £10 V, Vos = 0 


. Drain-Source On Voltage Vos(on)@ In = 5.1 A, Ves = 5 V 
In = 8A, Ves = 5V 
* Static Drain-Source On Resistance rps(on)& 
Tc=125° C, Ip=5.1 A, Vas=5 V 


* | Forward Transconductance Ors Vos = 5 V, ln = 5.1A 
* | Input Capacitance Ciss | 


1 


—_d, 


- [output Capacitance am 
+ | Reverse-Transter Capacianco Gm 


sf Fall Time te Ves =5 V 


“| Thermal Resistance Junction-to-Case R@c a 


~“J 
o 


—_ 


1 


oO 


7 = 
[on] 


150 
135 


—_ 
o> 
~“ 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC TEST CONDITIONS 


*|_ Diode Forward Voltage Veo! 


Reverse Recovery Time tr lrF=4A 
| dir/d; = 100 A/us 


= 
(°>) 


* In accordance with JEDEC registration data. 
4Pulsed: Pulse duration = 300 us, max., duty cycle = 2%. 


UNITS 


HA 


nA 


mho 


ns 


°C/W 


2N6904 
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Fig. 1 - Maximum safe operating areas. 
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Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature. 
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2N6904 
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PULSE TEST 
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Fig. 8 - Typical forward transconductance as a function of drain Fig. 9 - Switching time test circuit. 
current. 7 
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a} HARRIS 


RFL1NO8L 
RFL1N10L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 1A, 80V and 100V TO-205AF 
BOTTOM VIEW 


* fDS(ON) = 1.22 

¢ Design Optimized for 5V Gate Drives SOURCE 
© Can be Driven Directly from QMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


GATE 


Terminal Diagram 


e Majority Carrier Device 


N-CHANNEL ENHANCEMENT MODE 


Description — 


The RFL1NO8L and RFL1N10L are N-channel enhancement- 

mode silicon-gate power field-effect transistors specifically 

designed for use with logic level (5V) driving sources in 

applications such as programmable controllers, automotive 

switching, and solenoid drivers. This performance is accom- G 
plished through a special gate oxide design which provides full 

rated conduction at gate biases in the 3V - 5V range, thereby 

facilitating true on-off power control directly from logic circuit 

supply voltages. 


The RFL series types are supplied in the JEDEC TO-205AF 
steel package. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


RFLINO8L 

DIaih=SOUlCe VONAGS vidi s suin ud ateeu serie Hin eh ere ware aca ea es eee e Geert Vos 80 
Drain-Gate Voltage (RGS = TMI) .... cece ccc c cece ccc ce cc csccccscscccecs VDGR 80 
Continuous Drain Current 

RMS GCominuous 500 iws be aac sede su ae dade eawee Ok ua Shes e see tices Ip 1 

Pulsed Drain Curent. s.ccicns sicaSe dee Wene eee eea deena eww e aden teeewas IDM 5 
Gate=Source VONaGe 102 tonne desert esate tran eck i lyae ves eens Lede weer VGs +10 
Maximum Power Dissipation 

TOSS 2SSS ss charts assed ant tdeetaia eid Seeker tee ieeset eeaeeees Pp 8.33 

Above To = +259C, Derate Linearly .......... cece cece cece eee e cence eeees 0.0667 
Operating and Storage Junction Temperature Range........seesccsccecs TJ, TSTG -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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RFLIN1OL UNITS 
100 V 
100 V 
1 A 
5. A 
+10 V 
8.33 W 
0.0667 W/°9C 
-55 to +150 Te} 


File Number 1510.1 


Specifications RFL1NO8L, RFL1N170L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Ves =0 
Gate Threshold Voitage VGSith) Vas=Vps) |p = 1mA 1 


, LIMITS 


RFLINO8L RFLIN1OL 


UNITS 


ok 
© 
oO 


Zero-Gate Voltage Drain Current 


To = +1259C 
Vps = 65V 


Vos=6sv ie 
Vos =80v aaa 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


* 
Static Drain-Source On Resistance * 


lp=tAves==v | - | 12 

lp=2Avos==v | - | 29 

lp=tAves=v[ - | 12 

Ip = 1A, Vps = 10V | goo | - | 800 
T= [200 
= [eo 
ie 


VDS(on) 


[Thermal Ressance inctono-case [Rag [| 


* Pulsed: Pulse duration = 300ps max., duty cycle = 2%. 


Vas = OV, Vps = 25V 
f= 1MHz 


'DS(on) 
Forward Transconductance . | ats* | 


OT [TU 


s) 0 |Z 33 = 
2 alalale;oOl<[<|S|s]5 [5 |S 1<]< 


rp | = | = 
maiorto 
Pe EE ee EE et 
Zicgic 
DU tr UID 
ee ee oe ee oe ad 


(o>) 
[@) 
S 
2 


— 
or 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RELINOSL RFELAIN10L 
SYMBOLS | TEST CONDITIONS | MAX 


CHARACTERISTIC 


Diode Forward Voltage 


win | max | min | 
p= fw | - [iw |v 


Diode Reverse Recovery Time Ip =2A 100 (typ) {100 (typ) {1 00 (typ) | 100 (typ) 
. djF/dt = 50A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFLINO8L, RFLINT0OL 
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Fig. 1 — Maximum operating areas for all types. 
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Fig. 3 — Typical normalized gate threshold voltage as a function 


Fig. 2— 


Power dissipation vs. temperature derating curve 


for all types. 


of junction temperature for all types. 


Vos =15V 
PULSE TEST 


v¥—[(v0) II] LN3YYND NiVYG 31V1S-NO 


a 
s 
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eo 
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es 
! 
92CS-37342 


Fig. 4 — Normalized drain-to-source on resistance to 


{(uo) $94) Jonvisisay NO 
BOYNOS-OL-NIVHO G3ZI1VWHON 


GATE~- TO- SOURCE VOLTAGE (Vgs)—V 


100 


JUNCTION TEMPERTURE (T) )-°C 


-50 


92CS - 37343 


Fig. 5 — Typical transfer characteristics for all types. 


junction temperature for all types. 


6-21 


RFL1NO8L, RFL1N10L 


R, = 508 
Ig (REF) = 0.094 mA 
Ves=5V 


Vps — Volts 
VGs — Volts 


Ig (REF) 
1g (ACT) 


TIME -- Microseconds 
92C$-37638 


Fig 6. - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 and AN-7260. 


V6s? 5V 


PULSE TEST 
‘PULSE OURATION= 80us 
DUTY CYCLE < 2% 


DRAIN TO SOURCE ON RESISTANCE Crpsiona 


DRAIN CURRENT (Ip)-A 
. 92CS-37346 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


Vos = 10V 

PULSE TEST 

PULSE DURATION= BOxus 
DUTY CYCLE « 2% 
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DRAIN CURRENT (Ip)-A 
92CS-37347 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 7 — Typical saturation characteristics for all types. 


CAPACITANCE (C)—PF | 


CU 
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DRAIN-TO-SOURCE VOLTAGE (Vps5)—-V 
92CS- 36158 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 


“| HARRIS 


August 1991 


Features 

e 1A, 120V and 150V 

° DS(ON) = 1.92 

* Design Optimized for 5V Gate Drives 

e Can be Driven Directly from QMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds . 

° Linear Transfer Characteristics 

* High input impedance 


e Majority Carrier Device 


Description 


The RFL1N12L and RFL1N15L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 


RFL1IN12L 
RFLIN15L 


N-Channel Logic Level 


Power Field-Effect Transistors (L2FET) 


Package 
| TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(0) 

© (0) 
DRAIN 
(CASE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 


Drain-Source Voltage ....... 2. cece cece eee eee Sach aide Sid Rivas New oe ees ee es 
Drain-Gate Voltage (RGS = 1MQ) 2... ccc cece ccc eee cet cette tenn eens 


Continuous Drain Current 


AMS GCOnUnUOUS 66coaG eerie cess habe s 8a tw eeaek VSN Se 


Gate-Source Volage cs hiudecalisscvavadewsnd de awen save asaea Caees 


Maximum Power Dissipation 


TG Fe OOS Wiica cancion ested s tha eutetuen ea tack ee adenosis 
Above Tc = +259C, Derate Linearly 2.0... cece cee cece terete eee eees 
Operating and Storage Junction Temperature Range............cee eens 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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RFL1N12L RFL1N15L UNITS 
Sesh Vps 120 150 V 
...» VDGR 120 150 V 
er ID 1 1 A 
i alncaseic IDM A 
stadt Ves +10 £10 V 
Sasha Pp 8.33 8.33 W 
ea eR eas 0.0667 0.0667 W/°9C 
TJ, TSTG ~55 to +150 -55 to +150 OC: 
File Number 1513.1 


Specifications RFL1N12L, RFL1N75L 


Electrical Characteristics (Tc = +25°9C), Unless Otherwise Specified 


CHARACTERISTIC _| SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vag = 0 
Gate Threshold Voltage VGS(th) Ves =Vps: lp =2mA 


IDss Vps = 100V 
Vps = 120V 

To = +1259C 

Vps = 100V 


Pan 
zo 
Base 
Mess |ves=s10u.vos=0 | - 
mx 
Tos 
[sco 
Nee 
T= [eo 
=a 


| LIMITS 


RFLIN12L -RFLIN15L 


TEST CONDITIONS UNITS 
V 
V 

1 


Zero-Gate Voltage Drain Current A 


PRR 


a 


v1 
m 
Gate-Source Leakage Current n 


Drain-Source On-Voltage 


A 
A 
Ip = 2A, Vas =5V 


1. 


D 
Static Drain-Source On Resistance 'DS(on) Ip = 1A, Ves = 5V 


800 


Forward Transconductance | gist | Ip = 1A, Vps = 10V 800 


Ciss Vas = OV, Vps = 25V 


n 
4 Noe al Sa 


pF 
pF 
35 F 


* 
Input Capacitance 
f= 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss . 
Turn-On Delay Time Ip =1A, Vpp = 75V 
| RGEN =, 
AGS = 6.250, Vag = 5V 
Turn-Off Delay Time 


Thermal Resistance Junction-to-Case Roc Nee eee 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


p 


15 [esto 


@ 
ro) 
< 
= 


15 


S 
2 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 


SYMBOLS 


Diode Reverse Recovery Time 150 (typ) | 150 (typ) [1 50 (typ) | 150 (typ) 


dip/dt = 50A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFL1N12L, RFLIN15L 


(2) C0 SO ee ee eee eee 


PUT ee 0 2 
oti T | | WT | TT 


I 


OPERATION 
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Fig. 1 — Maximum operating areas for all types. 
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a 0 


Fig. 2 — Power dissipation vs. case temperature derating curve 


SLZ4SOW YAMOd 


THAI 91907 


2 
a 
I 
a 
a 
B 
2 
a 
a 
a 
a 
H 
o 
L{ ° 
ry Cd 
H 3 
ae 
OP... 
a 
Ww 
Ho 
2) 
H & 
Lj} 6 
oie) 
Ho & 
alow 
nee 
yy ok 
H 
z 
7 
oy ° 
dq & 
Ho Zz 
u 
7 2 
rj} 
a 
s 
s 
a 
s 
rt 
a 


°) 


(43)S9AJ SOVIIOA GQIOHSSYHL 31V9 G3ZIMVWYON 


160 


126 


t 
-“-_ 
o 
hast 
ert 
~w 
= 
=> 
— 
jong 
jong 
= 
jos] 
= 
oat) 
— 
Ww 
wn 
Cc 
i=) 
to 
WN 
a a rn 
ne > > <> o> Pn o> 


ESTIdILINW NOTLBdISSIO Y3A0d 


m 
m 
nm 
i 
m 
' 
n” 
1S) 
N 
a 


c 
2 
~~ 

mm?) 

S 
= 
ise) 
” 
ise} 
1:0) 
D 
ie] 
= 
S 
> 
3 
3 
= 
” 
2 
£ 
~~ 
2 
© 
D 
o 
© 
R 
3 
E 
. 
S 
= 
o 
= 
a 
e 
© 
SD 
re 


n 
3 
> 
z= 
& 
i 
S 
© 
pa] 
ba oad 
ise 
fag 
iso) 
Q 
E 
® 
ons 
c 
iS 
ns 
oO 
c 
S 
oy 
— 
Oo 


for all types. 


ps 


PULSE TEST 
PULSE DURATION=80 
DUTY CYCLE <2% 


GATE- TO- SOURCE VOLTAGE (Vgs)-V 


v—((49) G7) INZYYND Nivud 3.1viS-NO 


((uo)S94] 39NvISIS3Y NO 
3DYNOS -OL-NIVYO O3ZITVAYON 


100 


JUNCTION TEMPERATURE (Ty }—°C 


92CS-37334 


92CS-34335 


Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 — Normalized drain-to-source on resistance to 


junction temperature for all types. 
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RFLIN12L, RFLIN15L 


RL = 7528 
Ig (REF) = 0.095 mA 
Ves = 10V 


GATE SOURCE 
VOLTAGE 


Vps — Volts 


VeEs — Volts 
DRAIN CURRENT (Ip )-A 


ig (REF) ig (REF) 


Ig (ACT) oe Ig (ACT) 
-TIME — Microseconds ; 0 | 2 3 4 5 6 %. 8 9 10 
92CS-37648 DRAIN TO SOURCE VOLTAGE (Vps)-V 
92CS-37337 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 


PULSE DURATION =80xus 
DUTY CYCLE s 2% 
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0 io 20 30 40 50 60 70 
DRAIN CURRENT (Ip)—A . DRAIN-TO-SOURCE VOLTAGE (Vpg)-V 
92CS-37338 92CS- 36158 
Fig. 8 — Typical drain-to-source on resistance as a function Fig. 9 — Capacitance as a function of drain-to-source 
of drain current for all types. voltage for all types. 
752 


D 
TO SCOPE 


KELVIN 
CONTACT 


H DUTY CYCLE <2% 


FORWARD TRANSCONDUCTANCE (gfs)-™no 


ae oma er OE = 92CS-3736! 
3 5 
DRAIN CURRENT (Ip)—A 
; 92CS-37339 
Fig. 10 — Typical forward transconductance as a function Shciai : esas 
of drain current for all types. Fig. 11 — Switching Time Test Circuit. 
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™ HARRIS — RFL1N18L 
RFLIN2ZOL 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 1A, 180V and 200V TO-205AF 
* rpS(ON) = 3.652 BOTTOM VIEW 
e Design Optimized for 5V Gate Drives SOURCE GATE 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits © 
Ad Compatible with Automotive Drive Requirements (s) 6) ae 
e SOA is Power-Dissipation Limited (CASE) 


e Nanoscecond Switching Speeds 
e Linear Transfer Characteristics 


° High Input Impedance 


Terminal Diagram 
e Majority Carrier Device 


N-CHANNEL ENHANCEMENT MODE 
Description 


The RFL1N18L and RFL1N20L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- G 
plished through a special gate oxide design which provides full 


D 


” 
rated conduction at gate biases in the 3V - 5V range, thereby ond tu 
facilitating true on-off power control directly from logic circuit ae 
supply voltages. S Fe = 

— of 
The RFL series types are supplied in the JEDEC TO-205AF = = 
metal package. o 


Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 


RFL1N18L RFL1N20L UNITS 

Drain-Source VONAGE sie ectieacde engi wale cee Sa cou tin aes ove Sere aeeles Vos 180 200 V 
Drain-Gate Voltage (RES = 1MO)) 2... 20. cece ene cece cece ecedecnsnccers VDGR 180 200 V 
Continuous Drain Current 

RMS ContinuOus: 2523 cc0ntin tettoye tinea tn sate iieweks eos ceed cages ID 1 1 A 

Pulsed Drain Current: 3.2.00 tewncuiede wine sinks tev ieenes bea eeaneenlas oe IDM 4 A 
Gale=SOUICE VONAGE ssieial cee wedseki remanence es Hb aueGe a eneeen ewes es Vas +10 £10 V 
Maximum Power Dissipation 

NGS 289 C oe ceed idee sone ee ba Goeshuca daa taghae vanes cone eras Pp 8.33 8.33 W 

Above 1G:= 429°C, Derate Linearly aie scans caueiien sme wa susie aud eee 0.0667 0.0667 W/°G 
Operating and Storage Junction Temperature Range. .................4: TJ, TSTG ~55 to +150 -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 51 1 1 
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Specifications RFL1N18L, RFL1N20L 


Electrical Characteristics: (Tc = +25°C), Unless Otherwise Specified 


LIMITS | 
RFLIN18L RFLIN20L 
SYMBOLS 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas =0 
Gate Threshold Voltage VGSith) Ves =Vps.!p = 1mA 


Zero-Gate Voltage Drain Current IpDss Vos = 145V 
Vps = 160V 


To = +125°9C 
Vps = 145V 


Vps = 160V 


Drain-Source On-Voltage VbDS\(on)* 


pe} 


Forward Transconductance Ip = 1A, Vps = 10V 
Input Capacitance Ciss Vas = OV, Vps = 25V 


800 


Min | 
| 200 _| 
az 
bagel 
fees! 
Ee 
Za 
| 800 
Ege 
Leia) 
bee 


ze) 
7 


f= 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 


_ 
(eo) 
< 
= 


Turn-On Delay Time Ip = 1A, Vpp = 100V 
RGEN =®, 
|Risetime ts eg 6.250, Veg =5v 
Turn-Off Delay Time 
Thermal Resistance Junction-to-Case RoJc ae 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


ad 

(@] 
=~ 
Sf 
TD 
~~ 


[e) 
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Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFLIN18L RFLIN20L 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Diode Forward Voltage Isp =-1A 
rr 


Diode Reverse Recovery Time t I-F=2A 
djf/dt = SOA/yus 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFLIN78L, RFLIN2OL 
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Maximum operating areas for all types. 
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Power dissipation vs. temperature derating curve 
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PULSE TEST 


of junction temperature for all types. 
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Fig. 3 — Typical normalized gate threshold voltage as a function 
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Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 — Normalized drain-to-source on resistance to 


junction temperature for all types. 
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RFLIN18L, RFLIN2OL 


PULSE TEST 


DUTY CYCLE s2% : 
RL = 1002 CASE TEMPERATURE (Tc )=25°C 
Ig (REF) = 0.09 mA 


Ves = 5V 


Vps — Volts 
Ves -- Volts 
DRAIN CURRENT (Ip)-A 


Ig (REF) Ig (REF) 


Ig AEN 1g (ACH oI 2 3 4 5 6 #7? 
iam ey s2cs.376ss DRAIN-TO-SOURCE VOLTAGE ( Vps)-V 
92CS-373I1 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN7254 and AN-7260. 


Vos =+5V 


PULSE TEST 
PULSE DURATION =80yus 
DUTY CYCLE < 2% 
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Fig. 8 — Typical drain-to-source on resistance as a function Fig. 9 — Capacitance as a function of drain-to-source 
of drain current for all types. voltage for all types. 
(00n 


TO SCOPE 


a Voo r~} 
1looV 
KELVIN 
CONTACT 


FORWARD TRANSCONDUCTANCE (gfs)-—mho 


ES Baw me eS er eee ee ree ene. — 92CS-37360 
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92CS-37313 
Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit. 


of drain current for all types. 
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Features 

e 2A, 50V and 60V 

* TDS(ON) = 9.952 

e Design Optimized for 5V Gate Drives 

© Can be Driven Directly from QMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

¢ Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFL2NO5L and RFL2NO6L are N-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 


RFL2ZNO5L 
RFL2ZNO6L 


N-Channel Logic Level 


Power Field-Effect Transistors (L2FET) 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(0) 

(o) (0) 
DRAIN 
(CASE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (TC = +25°9C) Unless Otherwise Specified 


Drain=SOurce VONAGE 46.6% docs wae eos dwn ieee eee kee e ee eres 
Drain-Gate Voltage (RGS = IMD)... ccc cece cece eect nee eenes 


Continuous Drain Current 


Gate-Source Voltage os kc csecc sve ven ess tee even were eee atewetene wees 


Maximum Power Dissipation 


TWO 259 Cs oii ren bowteecgumers Wessel lensacdudsdeiend ens sak 
Above Tc = +2596, Derate Linearly ........ ccc cece e cece eee eee 
Operating and Storage Junction Temperature Range............0eceeeee 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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a. 
RFL2NO5L RFL2NO6L UNITS 
slecnte Vos 50 50 V 
..-. VDGR 50 60 V 
Cee Ip 2 2 A 
Sees IDM 10 10 A 
er Vas +10 +10 V 
wha ote dove Pp 8.33 8.33 W 
ere ree 0.0667 0.0667 W/°C 
TJ, TSTG -55 to +150 -55 to +150 oC 


File Number 1560.1 


Specifications RFL2NO5L, RFL2NO6L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


RFL2NOSL RFL2NO6L 


CHARACTERISTIC 


To = +1259C 
Vps = 40V 


Iess VGS = +10V, Vps =0 
VDS\(on)* Ip = 1A, Ves = 5V 
ID = 2A, Vas = 5V 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


D 
Toes 


aan RGEN=®%, 


_ 
(o) 
SS 
2 


BAN 
oO 
e e 
oO 
se) 


r 
Turn-Off Delay Time ta(off) 20 (typ) 40 
Thermal Resistance Junction-to-Case RoJC eet tas oe, al ea 


iyo) 

oO 
ins 
re) 
wd 


(o>) 

(je) 
i 
1°) 
=—=—— 


Source-Drain Diode Ratings and Characteristics 
CHARACTERISTIC 


AFLANOGL 
SYMBOLS 


Diode Reverse Recovery Time = 


djF/dt = 100A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFL2ZNO5L, RFLZ2NO6L 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 
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Fig. 5 - Typical transfer characteristics for all types. 
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92CS-38171 


Fig. 4 - Normalized drain-to-source on resistance vs. junction 
temperature for all types. 


RFL2NO5L, RFL2NOG6L 


PULSE TEST 
12;PULSE DURATION= 80xus 


DUTY CYCLE <s 2% 


RL = 152 
Ig (REF) = 0.095 mA 
Ves =5V 


GATE SOURCE VOLTAGE 
Vpp = Voss Vpp = Vpss 
wf 


Vps — Volts 


Zs 
yy 
fo 


Ves— Volts 
DRAIN CURRENT (Ip)-A 


0.50 Voss 
0.25 Voss 


ie) q 2 3 4 5 6 7 
Iq (REF) 66, Ig (REF) DRAIN-TO-SOURCE VOLTAGE ( Vps)—-V 
Ig (ACT) Ig (ACT) 92CS-38173 
TIME — Microseconds 9205-37631 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN7254 and AN-7260. 


400} FREQUENCY (F)=0-IMHz HAH 
GREER GRRE RRR 
SERCH SEGRE 
SERaSeeene 


Ves = 5V PULSE TEST 


PULSE DURATION =80ps 
1.4) DUTY CYCLE < 2% 


Cros (on}k OHMS 


EMPERAT 
SERRE RE eee 


DRAIN-TO-SOURCE ON RESISTANCE 


2 4 6 
DRAIN CURRENT (ip i=s DRAIN-TO-SOURCE VOLTAGE (Vps)-V 


92Cs- 38174 
92CS-38!175 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. . all types. 
Vpos* IOV 
PULSE TEST 
PULSE DURATION=80, 302. 


DUTY CYCLE < 2% 
Eee eee eee ete 


Vp 
TO SCOPE 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 
current for all types. 
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RFW2NO6RLE 


N-Channel Logic Level Enhancement-Mode 
: Power Field-Effect Transistors 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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May 1992 
Features Package 
e 2A, 60V | 4-PIN HEXDIP 
TOP VIEW 
: 'ps(on) = 0.1600 
e UIS Rating Curve (Single Pulse) 
¢ Design Optimized For 5 Volt Gate Drive Sernee 
DRAIN 
¢ Can be Driven Directly from CMOS, NMOS, TTL Circuits GATE 
¢ Compatible with Automotive Drive Requirements 
¢ SOA is Power-Dissipation Limited 
° Nanosecond Switching Sneeds 
e Linear Transfer Characteristics 
¢ High Input Impedance 
e Majority Carrier Device 
e Electrostatic Discharge Protected Terminal Diagram 
Description 
D 
The RFW2NO6RLE (TA9861) N-Channel logic level ESD protected 
power MOSFET is manufactured using the MegaFET process. 2 
This process, which uses feature sizes approaching those of LSI at Mi 
integrated circuits gives optimum utilization of silicon, resulting in m2 
outstanding performance. The RFW2NO6RLE was designed for G a = 
use with logic level (5V) driving sources in applications such as 3 cai 
programmable controllers, automotive switching, switching regula- _ = 
tors, switching converters, motor and relay drivers and emitter oO. 
switches for bipolar transistors. This performance is accomplished 
through a special gate oxide design which provides full rated con- 
ductance at gate biases in the 3-5 volt range, thereby facilitating S 
true on-off power control directly from logic circuit supply voltages. 
The RFW2NO6RLE is supplied in the 4-pin hexdip plastic package. 
(Similar to JEDEC outline TO-250) 
Absolute Maximum Ratings (T,> = +25°C) 
UNITS 

Drain Source: Voliage a4 yvaruwat eas oye Sales eta anther e ea edie a eaewiee Be ae Voss 60 V 
Drain Gate Voltage....... COSTE ee Te eT ee OC eee RT ye ee eee eee Vocr 60 V 
Gate. Source: Voilage: as veces ss Naw tas asa ane aie ia ae sen tial we ee UA eee Ves +10, -5 V 
Drain Current 

FMS COnmunuOus 5: < 6:36:73. are wie arin Gis aih oa bievarare oar bw Gadi gihare ee ianerala ele BER a ewe RS Ip 2 A 

Pulsed Drain CONMONE c:0¢cdddc ed ea widaee ne uh cae Meek a agen Aa tae ede wes lpm 14 A 
Single Pulse: Avalance Fat ais cis. ei a5 at Sdie as rere ale bw Wil wien io beclla ele ei aly SARE Re Siete ade Eas Refer to UIS Curve 
Electrostatic Discharge Rating, MIL-STD-883, Category B(2)......... cee eee ee ee eee ESD 2 KV 
Power Dissipation 

Te S425" Cac Gdauiowaseaneeaads abeenan sunt oae aac sone a dake eae Pp 1.09 WwW 

Derate AbOVe 425 Cresent Saat ett o5 heb en 2 dled eee seconde ean bee Py 0.009 WPC 
Operating and Storage Temperature .. 1... cece cece reece cece eee eeees Tsta Ty -55 to +150 °C 


File Number 2838.1 


Specifications RFW2NO6RLE 


Electrical Characteristics Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| LIMITS 
SYMBOL TEST CONDITIONS 
Ip = 0.25MA, Veg = OV 


Ves = Vos: Ip = 0.25mA { 
Vos = 60V, Ves =0V Te = +25°C 
Te = +150°C 


Ves = +10V, Ves = -5V 


CHARACTERISTIC 


=| 
«< 
Uv 


Drain-Source Breakdown 
Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Cur- 


SEitE 
>i > 


Gate-Source Leakage Current 


On Resistance 


es 
>| > 


Ip = 2A, Ves = 5.0V, Ip = 2A, Ves = 4.3V 


3 
+e) 


Turn-On Time ty Vop = 30V, Ip = 2A, R;, = 15, Veg = 5V, 
Res = 25 
Turn-On Delay Time 
Rise Time 42 


Turn-Off Delay Time 
Fall Time 
Tur-Off Time 
Total Gate Charge 
Gate Charge at 5V | Qg(5) | Ves=Otosv | 
Threshold Gate Charge 


n 
on) 
Input Capacitance Vos = 25V, Ves = OV, f = 1MHz 
oss 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-Off Energy Loss per Vop = 3907, Ip = 2A, L = 0.2 1p1H, 
Cycle R, = 15Q, Ves = 5V, Res = 252 


_— f- 
ol 


—_, 


?) 


_ 
fo) 
@) 


| 
O) 


4 


w 


1 


no] 
Tl 


= 
So 
= 


= po} = : 


NJ 
Oo 
ao) 
Tl 


Thermal Resistance Junction 
to Ambient 


115 °C 


Source-Drain Diode Ratings And Characteristics 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Reverse Recovery Time Isp = 2A, dIgp/dt = 100A/us 
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RFW2NO6RLE 


Performance Curves 
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SdHU - eD IN3SYYNI NIBYO 


10.00 


0.10 
TIME IN AVALANCHE (tav) - MILLISECONDS 


FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING 


FIGURE 1. SAFE-OPERATING AREA CURVE 


SLIASOW YIMOd 


TSA31 91907 


= sc sc 6 c 


SdHU - CPI) INSYENI NIWYO 


75 100 125 15 
CASE TEMPERATURE (Tc) - degl 


50 


FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 


CASE TEMPERATURE (Tc) - degl 


VDD=15V 


TURE DERATING CURVE 
Pulse Duratlon=250us 
Duty Cycle=.5Z% MAX 


Pulse Test 


PULSE DURATION=250us Tco=25 deg C 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


B- CPJ) INSYYND NIBYO 


5.0 


4.0 
GATE-TO-SOURCE VOLTAGE (Vgs) - V 


3.0 


2.0 


1.0 


3 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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RFW2NO6RLE 


Performance Curves (Continued) 


Vds-!5V, Id=2A 


NORMALIZED RdeCon) 


0 4.5 5.0 5.5 6.0 6.5 7.0 
GATE-TO-SOURCE VOLTAGE (Vge)-V 


FIGURE 7. NORMALIZED rpg(on) VS Vos 


HOLD VOLTAGE 


0 50 100 
JUNCTION TEMPERATURE (TJ) - degl 


FIGURE 9. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


Vgs=0V., FREQUENCY (f)=1MHz 


CAPACITANCE (C) - pf 


0 5 10 15 20 ros) 


DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


PULSE CURATION=250us Vgs=5V Id=2A 


NORMALIZED Rds(on) 


50 
JUNCTION TEMPERATURE (Tj) - degC 
FIGURE 8. NORMALIZED rpsjon) Vs JUNCTION TEMPERATURE 


id=250uA 


Vdss) - VOLTS 
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R IN-TO-SOURCE 
BU 


50 100 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 10. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


60 


RL=300hms 
Ig(REF)=0.5mA 
Vgs=5V 


45 


ua 
i>} 


GATE 
SOURCE 
VOLTAGE 


Vds~VOLTS 
a 
Vas—Ww IS 


15 


DRAIN—SOURCE VOLTAGE 


(REF) 
BO acr 


Soe 

20 TINE—NICROSECONDS 

FIGURE 12. TYPICAL SWITCHING WAVEFORMS FOR CON- 
STANT GATE CURRENT. REFER TO APPLICA- 
TION NOTES AN7254 AND AN7260 
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RFW2NO6RLE 


Performance Curves (continued) 


Vpp 


Ves 


wt L 


FIGURE 13. RESISTIVE SWITCHING TEST CIRCUITS 


VARY t , TO OBTAIN Re 
REQUIRED PEAK las 


Ves 


FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
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50% 
<—————- PULSE WIDTH 


FIGURE 14. RESISTIVE SWITCHING WAVEFORMS 


FIGURE 16. UNCLAMPED ENERGY WAVEFORMS 


LOGIC LEVEL 
POWER MOSFETs 


ti) HARRIS 


RFP2NO8L 
RFP2N10L 


N-Channel Logic Level 


August 1991 | Power Field-Effect Transistors (L2FET) 
Features Package 
e 2A, 80V and 100V TO-220AB 
TOP VIEW 
* YDS(ON) = 1.052 
e Design Optimized for 5V Gate Drives ce a SOURCE 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits | [_ = DRAIN 


¢ Compatible with Automotive Drive Requirements 
e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Copyright © Harris Corporation 1991 
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Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Description o 
The RFP2NO8L and RFP2N10L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- G 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. Ss 
The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
| _- RFP2NO8L~—s RFP2N10L UNITS 
Drain=Souree VONaGe , <ic ed seas anads stnws mewsieduaeeg Kevas Wenba dere eee Vps 80 100 V 
Drain-Gate Voltage (RES = 1M) 3. dscesksiaus cvs aesGsetccesveannsatees 2 VDGR 80 100 V 
Continuous Drain Current 
RMS Continuous 2.x sevsgcecaccend deed 4405s sours Cle ieiOeaaenatinerneas Ip 2 2 A 
Pulsed Drain Current ic dcxciawt tes oearena wwe ea eaioun deat MeaeNataweses es IDM 5 5 A 
Gate=Source VOndGe: «sien Gadi oascssetdoed ieee cise raed aces taeda, Ves +10 +10 V - 
Maximum Power Dissipation 
TO ooo Crt ecer veoisns uke cdwadednadahd eaten oun peads Sides: Pp 25 25 Ww 
Above To = +259C, Derate Limearly ........-cccccccccncccnssccccesessecnenes 0.2 0.2 W/9C 
_ Operating and Storage Junction Temperature Range.............0+.000- TJ, TSTG -55 to +150 -55 to +150 Te; 
_ CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9 872 


Specifications RFP2NO8L, RFP2N10L 


Electrical Characteristics (Tc = +250C), Unless Otherwise Specified 


LIMITS 
RFP2NO8L RFP2N10L 
SYMBOLS 


TEST CONDITIONS 


CHARACTERISTIC 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas =0 
Gate Threshold Voltage VGSith) Vas=Vps,!p = 1mA 1 


Zero-Gate Voltage Drain Current IpDss Vps = 65V 
Vps = 80V 


To = +1259C 
Vps = 65V 


Gate-Source Leakage Current Iass Vas = +10V, Vps =0 


Drain-Source On-Voltage VpbS(on)* Ip = 1A, Vas = 5V 
Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Ves =5V 
Forward Transconductance Ip = 1A, Vps = 10V 

( 


80 


io) 


: f= 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance | Crss 
Turn-On Delay Time Ip =1A, Vpp = 50V 

: RGEN =: 
AGS = 6.250, Veg =5V 

Turn-Off Delay Time ta(off) 
Thermal Resistance Junction-to-Case ReJc Rese ane 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Input Capacitance Ciss Vas = OV, Vps = 25V Lei 


800 
10 


—_ | A 
a}o 
om 
<i<e 
Loe me) 
~— | we 


ie) 
16) 


LOGIC LEVEL 
POWER MOSFETs 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFP2NO8L RFP2N10L 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Diode Forward Voltage Isp =-1A Le 1.4 
tr 


Diode Reverse Recovery Time I-F=2A 100 (typ) | 100 (typ) [100 (typ) } 100 (typ 
dif/dt = SOA/ps 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFP2NO8L, RFP2N10L 
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Fig. 3 — Typical normalized gate threshold voltage as a function 
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Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 — Normalized drain-to-source on resistance to 


junction temperature for all types. 
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RFP2NO8L, RFP2N170L 


Ry = 50 a 
Ig (REF) = 0.094 mA 
Ves=5V 


Vps — Volts 
Vos— Volts 


Ig (REF) Ig (REF) 
20 75 ach) Ig (ACT) 
TIME — Microseconds 


92CS-37638 


Fig. 6 - Normalized switching waveforms for constant gate-current 


drive. 


Ves” 5V 
PULSE TEST 


PULSE OURATION= 80xus 
DUTY CYCLE< 2% 


DRAIN TO SOURCE ON RESISTANCE Crpglonin 


DRAIN CURRENT (Ip)-A 
92CS-37346 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


Vos = 10V 

PULSE TEST 

PULSE DURATION= 60us 
DUTY CYCLE < 2% 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


8) PULSE TEST 
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Fig. 7 — Typical saturation characteristics for all types. 
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voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 


i HARRIS RFP2N12L 
| RFP2N15L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features — Package 
e 2A, 120V and 150V TO-220AB 
TOP VIEW 
* rDS(ON) = 1-752 
© Design Optimized for 5V Gate Drives DRAIN a a 
: Ig ptimiz (FLANGE) a? SOURCE 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits [————————— DRAIN 
© Compatible with Automotive Drive Requirements eer 
e SOA is Power-Dissipation Limited | 
e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance Tenainal Diagram 
e Majority Carrier Device | 
N-CHANNEL ENHANCEMENT MODE 


Description 


The RFP2N12L and RFP2N15L are N-channel enhancement- 

mode silicon-gate power field-effect transistors specifically 

designed for use with logic level (5V) driving sources in 

applications such as programmable controllers, automotive 

switching, and solenoid drivers. This performance is accom- G 

plished through a special gate oxide design which provides full 

rated conduction at gate biases in the 3V - 5V range, thereby 

facilitating true on-off power control directly from logic circuit | 

supply voltages. S 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


D 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


RFP2N12L RFP2N15L UNITS 

Drain-Source VONAGC soa csears cen sG de dacaas the Reaa ee eeinw epaKe Mens Vos 120 120 V 
Drain-Gate Voltage (RGS = 1M) .... cc ccc cece eect eee reece eee ceenees VDGR 120 150 V 
Continuous Drain Current 

RMS Continous sidane ave kwiaddssecaced ease Gor tewe iodveeaiwtaedon eee Ip 2 2 A 

Pulsed Drain Current ied scien see a ete eas Wawel ogee Oaiade eee heaton sé IDM 5 5 A 
Gate=Source VONAGE: «66sec iiece tere iu hes ious Porn deeeaa ae Ae ee NGa ew Ves +10 +10 V 
Maximum Power Dissipation 

GS FOC 5 vic enced Kees We AS Seen BEA eae ees aaa Pp 25 25 W 

Above Tc = +25°C, Derate Linearly .......... ccc ccc cree e eee se rene eccses 0.2 0.2 W/°G 
Operating and Storage Junction Temperature Range.............-.+005: TJ, TSTG -55 to +150 -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number y) 874 
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Specifications RFP2N12L, RFP2N15L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 
RFP2N12L RFP2N15L 


CHARACTERISTIC 


Ip = 1mA, Vas =0 
Vas =Vps; lp =2mA 
Zero-Gate Voltage Drain Current IDss Vps = 100V 


Vos = 120V 


To =+1259C 
Vps = 100V 


Vps = 120V 


Gate-Source Leakage Current Iass Ves =+10V, Vps =0 


Drain-Source On-Voltage VD S(on)* 
Ip = 2A, Vas = 5V 
ee 
Forward Transconductance ' Ofs* 


Vas = OV, Vps = 25V 
f= 1MHz 


Turn-On Delay Time Ip = 1A, Vpp = 75V 
tase RGEN=%, 
AGS = 6.25V, Ves =8V 
Turn-Off Delay Time . 
Thermal Resistance Junction-to-Case RaJc aie 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


LOGIC LEVEL 
POWER MOSFETs 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFP2N12L RFP2N15L 


CHARACTERISTIC 


Diode Reverse Recovery Time ter = 150 (typ) ] 150 (typ) 150 (typ) | 150 (typ) 
dif/dt = 50A/ps 


* Pulse Test: Width < 300ys, Duty Cycle < 2%. 
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~RFP2N172L, RFP2N75L 
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Fig. 3 — Typical normalized gate threshold voltage as a function 


Power dissipation vs. case temperature derating curve 


for all types. 


Fig. 2 — 


of junction temperature for all types. 
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Fig. 4 — Normalized drain-to-source on resistance to 


Fig. 5 — Typical transfer characteristics for all types. 


junction temperature for all types. 
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RFP2N72L, RFP2N75L 


Rt =752 
Ig (REF) = 0.095 mA 
Veg = 10V 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
drive. 
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8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 


PULSE DURATION = 80us 
DUTY CYCLEs 2% 
CASE TEMPERATURE (Tc )#25°C 
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Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 11 — Switching Time Test Circuit. 
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it HARRIS 


RFP2N18L 


RFP2N20L 


N-Channel Logic Level 


Power Field-Effect Transistors (L2FET) 


Features . Package 
e 2A, 180V and 200V TO-220AB 
TOP VIEW 
* TDS(ON) = 3.52 , 
e Design Optimized for 5V Gate Drives DRAIN ae 
(FLANGE) a SOURCE 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 
The RFP2N18L and RFP2N2O0L are N-channel enhancement- 


mode silicon-gate power field-effect transistors specifically 


designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. . 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


Drain-Source Voltage: ssa iais ac aiae eet ewe ions se aia veuiweewewe claws Vps 
Drain=Gate Voltage (RES HIM) oi .iciciewiewsceiwiaeines jleahe wea wa ss VDGR 
Continuous Drain Current 

RMS Continuous sic ects aie ess nc emasut sain add ine sadcwet ges eh Wee ws Ip 

Pulsed Drain Gurrent sacha cases cee caine etew enemies cree Wecqeeteteiees IDM 
Gate-Source Voltage .......csccscccneccctecccctnerertarserentessseenees VGs 
Maximum Power Dissipation | 

TG = +259C .......- eh Se aa alee a ERE SEe Oe ak a ee VIER Pp 

Above Tc = +259C, Derate Linearly .......... sec cesenee ones Se ee ere ey 
Operating and Storage Junction Temperature Range...........eeceeeees TJ, TSTG 
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L. 


RFP2N18L 


180 
180 


2 
4 
+10 
25 


0.2 
-55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


C—O DRAIN 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
S 
RFP2N20L UNITS 
200 V 
200 V 
2 A 
4 A 
+10 V 
25 Ww 
0.2 W/°G 
-55to +150 oC 


File Number 2875 


Specifications RFP2N18L, RFP2N20L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Veg =0 ed 
Gate Threshold Voltage VGSith) VGs=Vps)!p = 1mA Zar 


To = +125°9C 
Vps = 145V 
Vps = 160V 


LIMITS 
RFP2N18L RFP2N20L 


CHARACTERISTIC TEST CONDITIONS UNITS 


V 


Zero-Gate Voltage Drain Current 


m 


PPLE 


1 
00 


lass VGs =+10V, Vps =0 
VpS(on)* | '!b = 1A, VG@s =5V 
Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Ves = 5V Pee ul 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


A 
nA 
V 
Vv 


Input Capacitance Ciss Ves = OV, Vps = 25V 


f = 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time Ip = 1A, Vpp = 100V 


one RGEN=©, 
Hise Time frag 6.25v,vag=sv | 12000) 10 (ye) 
Turn- Off Delay Time ta(off) 


Thermal Resistance Junction-to-Case Rgsc —s 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Forward Transconductance howe | Ip = 1A, Vps = 10V | goo | - | 800 


nT 


p 


— 

rs) 

S 

Zz 
1¢) 


® 
{o) 


cs) o | 2 
7 alaj» 


2 


Source-Drain Diode Ratings and Characteristics 


LIMITS : 
RFP2N18L RFP2N20L 
SYMBOLS 


CHARACTERISTIC 


Diode Forward Voltage 
Diode Reverse Recovery Time IF=2A 


djF/dt = SOA/ps 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 


6-49 


12 
wel Lid 
iJ LL. 
= A 
a3 
— arm 
sé 
“os 
a. 


RFP2N18L, RFP2N20L 


(G11 By SS 8 OS Dw 0 
og 0 ee 
wut Ty a ee 


MINT INTE Tze 


100 


SIT TT 
SU TW 


10 
TO-SOURCE VOLTAGE (Vds) 


SEE 0 RSE PR DOA 
Nee eee 
ASAE ee ae a 


CS Le a 


[aug 
uJ 
a 
Cc 
a 
onc 
mm O 
rw 
ee Q 
xo) 
=o 
_— 
> 
=a 
oO 
—_ O 
ke LU 
are 
Cem 
w= 
Ql 
Oo 4 


} ro) 
o SdWU - CPI) LNSYYND NIVYEG 


- VOLTS 


DRAIN 


Fig. 1 — Maximum operating areas for all types. 
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Fig. 3 — Typical normalized gate threshold voltage as a function 


Power dissipation vs. temperature derating curve 


for all types. 


Fig. 2 — 


of junction temperature for all types. 
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Fig. 5 — Typical transfer characteristics for all types. 
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Fig. 4 — Normalized drain-to 


junction temperature for all types. 
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RFP2N178L, RFP2N20L 


RL = 1008 
Ig (REF) = 0.09 mA 
Veg = 5V 


Vos — Volts 
Ves — Volts 


Ig (REF) 


Ig (REF) 
ae Ig (ACT) 


O7TG (ACT) 


92CS-37658 
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TIME — Microseconds 


Fig. 6 - Normalized switching waveforms for constant gate-current 


drive. ; 
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PULSE DURATION =80us 
DUTY CYCLE <2% 


DRAIN-TO-SOURCE ON RESISTANCE 
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DRAIN CURRENT (Ip)—A 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
3) PULSE DURATION=80,s 
DUTY CYCLE <2% : 
CASE TEMPERATURE (Tc )#25°C 


DRAIN CURRENT (I9)-A 
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Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 


it HARRIS 


_ RFP4NO5L 
RFP4NO6L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 4A, 50V and 60V TO-220AB 
TOP VIEW 
* YDS(ON) = 9.82 
e Design Optimized for 5V Gate Drives DRAIN —— SOURCE 
(FLANGE) ————— 
© Can be Driven Directly from QMOS, NMOS, TTL Circuits | > DRAIN 


¢ Compatible with Automotive Drive Requirements 
e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Description m 
The RFP4NO5L and RFP4NO6L are N-channel enhancement- | 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and G 
low gate-drive power. These types can be operated directly 
from integrated circuits. 
The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. S 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
RFP4NO5L RFP4NO6L UNITS 
DIAIN=SOUICE VONAGE in io eos shee vin weenie cs CiNeaw ease ewan eadantaees Vos 50 60 Vv 
Drain-Gate Voltage (RGS = 1MD) 0... cece ccc eee cece eee t eee eeeaes VDGR 50 60 V 
Continuous Drain Current 
RMS Continuous .......scrececccverccrcccccnscerescecencescnecesseeces Ip 4 4 A 
Pulsed! Drain: Curent. seins cuosa See en deee eh ausiss toot wa when dd tena seeats IDM 10 10 A 
Gate=Source VORAge® sited ieee aii eetne wane sde die caw cnee heweedeaeeces Ves +10 +10 V 
Maximum Power Dissipation 
TO POO 0G a ch cts 54 Grime nt eeuun edb asec So ncomia ne miaua neue nesas Pp 25 25 Ww 
Above Tc = +259C, Derate Linearly ......... ccc ccc e cece cence eee e eee neneeenes 0.2 0.2 W/9C 
Operating and Storage Junction Temperature Range...........cc.cceeee TJ, TSTG -55 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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File Number 2876 


Specifications RFP4NO5L, RFP4NO6L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vgs =O 
Gate Threshold Voltage VGSith) Vas=Vps, |p =2mA 1 


IDss Vps = 40V 
Vps = 50V 
To = +1259C 
| Vps=40V 


DS(on)" pos |v | 
fp=2Aves=sv_ | - | 20 | - | 20 | v_ 


LIMITS 
RFP4NOSL RFP4NO6L 


UNITS 
V 


Ew Es 


Zero-Gate Voltage Drain Current 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Ves = 5V | - | os | - | 
Forward Transconductance Ip = 1A, Vps = 10V | goo | - | 
Input Capacitance Ciss Ves = OV, Vps = 25V | - | 226 | - | 
f= 1MH 
Reverse Transfer Capacitance Crss Ca | = | 
Turn-On Delay Time Ip =1A, Vpp =30V. «4.10 (typ) 
Ras = 6.25V, Vas = 5V YP P 
Turn-Off Delay Time ta(off) 
Thermal Resistance Junction-to-Case ReJC Ro ee a 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFP4NOSL RFP4NO6L_ 
SYMBOLS 


CHARACTERISTIC 


Diode Forward Voltage 
Diode Reverse Recovery Time F= 


djF/dt = 100A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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LOGIC LEVEL 
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Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 4 - Normalized drain-to-source on resistance vs. junction 


temperature for all types. 


RFP4NO5L, RFP4NO6L 


PULSE TEST 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN7254 and AN-7260. 
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drain current for all types. all types. 


VpszlOV 
PULSE TEST 


PULSE DURATION=80,ys 
DUTY CYCLE < 2% 300 


Vp 
TO SCOPE 


Lo 
ATURE: (1¢)2=90 © 


Eee H 
: ° 
senaaue 25°C 5 
ttt Tc=l2 oH 
| 


KELVIN 30V 


CONTACT 


FORWARD TRANSCONDUCTANCE (gfs)—mho 
wu 


r H PEGEEEECEEREEEE rere eee hh we Se: es eae al 92CS-38169 
) 2 3 4 = 
DRAIN CURRENT (Ip)—A 92CS-38176 
Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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Features 

e 8A, 180V and 200V 

* DS(ON) = 9.52 

¢ Design Optimized for 5V Gate Drives 

e Can be Driven Directly from QMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

¢ SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM8N18L and RFM8N20L and the RFP8N18L and 
RFP8N20L are N-channel enhancmement-mode silicon-gate 
power field-effect transistors specifically designed for use with 
logic level (5V) driving sources in applications such as pro- 
grammable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3V ~- 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. ~ 


RFM8N18L/20L 
RFP&8&N18L/20L 


N-Channel Logic Level 


Power Field-Effect Transistors (L2FET) 


Package 
TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE / (FLANGE) 


TO-220AB 
TOP VIEW 
DRAIN a 
E——— 
(FLANGE) SOURCE 


tes 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


RFM8N18L RFM8N20L RFP8N18L RFP8N20L UNITS 
Drain-Source Voltage ......... ccc cee eeeceeees Vos 180 200 180 200 V 
Drain-Gate Voltage (RG@S = 1MQ) ..........6. VDGR 180 200 180 200 V 
Continuous Drain Current 

RMS Continuous ....... 2. ccc cece e eee eee eees ID 8 8 8 8 A 
_ Pulsed Drain Current......... 0. ceeceeeeeeees IDM 20 20 20 20 A 
Gate-Source Voltage .........c cece eee ee eres Ves +10 +10 +10 +10 V 
Maximum Power Dissipation 
TGS FAS CG saan el icivtansauedeaevewiawcvaes Pp 75 75 60 60 WwW 
Above Tc = +25°C, Derate Linearly ............4. 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 oC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I|.C. handling procedures should be followed. 
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File Number 151 41 


Specifications RFM8&N18L, RFM8&N20L, RFP8N78L, RFP8N20L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


- LIMITS 


TEST RFM8N18L RFM8N20L 
CHARACTERISTIC SYMBOL | CONDITIONS RFP8N18L REPsN20L =| UNITS 


Drain-Source Breakdown Voltage BVops 
Gate Threshold Voltage 


Zero Gate Voltage Drain Current Vos=145 V 
7 Vos=160 V 

Tc=125°C 

Vps=145 V 

Vos=160 V 


Gate-Source Leakage Current Ves=+10 V 
Vps=0 


Drain-Source On Voltage Ip=4 A 
Ves=5 V 


lo=8 A 6 


Ves=5 V 
at Ml 
5 


100 


0 


t 
> 


Vps= 10 V 
Ip=4 A 


2 

4 

0 

| Output Capacitance | Coss CY | — | 
Reverse-Transfer Capacitance a ae | 120 | — | 120 | 
Turn-On Delay Time = 15(typ) 15(typ) 


V 
Ib=4 A a 
3.0 h 


mno 


250 250 


— 
Dw) 
© 


Sa 
ro) 


|RiseTime — C—i‘iLC oa 45(typ) 45(typ) |__ 150 
Turn-Off Delay Time er 100(typ) 100(typ) 
Fall Time 60(typ) 60(typ) 


Thermal Resistance RFM8N18L, 1.67 1.67 
Junction-to-Case RFM8N20L B 
RFP8N18L, | 2.083 2.083 | C/W 


a] 
7) 


TO 
nv 


LOGIC LEVEL 
POWER MOSFETs 


0 
6 
Re) 
<) 


: RFP8N20L 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM8N18L RFM8N20L 
CHARACTERISTIC SYMBOL | CONDITIONS RFPSN18L RFP8N20L UNITS 
Diode Forward Voltage | Vs [|  _—itgo4A | — | 14 | — | 14 | V | 
mie 


Reverse Recovery Time lF=4 A 250(typ) 250(typ 
dir/d:=100 A/ys 


“Pulse Test: Width < 300 us, duty cycle < 2%. 
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RFM8N78L, RFM8N20L, RFP8&N78L, RFP&N20L 


CASE TEMPERATURE (Tc) = 25 °C 
(CURVES MUST BE DERATED 

6 | LINEARLY WITH INCREASE 
IN See eeee 


t rH 
SEE ASCA MEERUT ERSTE CIIIEU REVELL Z 


aia Le 
ne 
HAH Ha 


SSSSSSEs ees estes SSaE 


4 ae cH 


DRAIN CURRENT (Ip) — A 


FH] OPERATION IN THIS 
=a REGION IS LIMITED 
-22iitg] BY "Ds{on) 

Ezese 


t tit 
EESTI EEE 
Hse ies ET i ped 
was cesessromesece foots ite BE SESSEE MMOS SLES s 28s 3 itt! 


===|Vpsgg (MAX) 200 V RFMBN2OL, RFP8N20LE 
ae Raa Pree Ri nS Deas ree TtMian REPO TM NCES EST i 
iM ea ie 


Sona HESIbHs Beene SOAIIIII Mm OBGHtOM ny 


aces 
g=ss3' 


DRAIN-TO-SOURCE VOLTAGE - (Vps) - V 
92CM-37391R1 


Fig. 1 — Maximum safe operating areas for all types. 


POWER DISSIPATION (P7)-—W 


NORMALIZED GATE THRESHOLD VOLTAGE 


1@) 50 100 150 
CASE TEMPERATURE (Tc )—°C JUNCTION TEMPERATURE (Ty)— °C 
92CS-37504 : 92Cs-372ll 
Fig. 2 — Power vs. temperature derating curve for Fig. 3 — Typical normalized gate threshold voltage as a function 
all types. of junction temperature for all types. 


PULSE TEST 
PULSE DURATION =80xus 
DUTY CYCLE <2% 


12 Coe 
PTT Err yy tr ee ey 
Yh aan 


ON RESISTANCE [rpg (on)] 


NORMALIZED DRAIN- TO- SOURCE 
ON-STATE DRAIN CURRENT (Ip (on)]~—A 


seceeoeoeee SESESUESRS ERE cease 
a ee 


JUNCTION TEMPERATURE (Ty )— °C GATE-TO- SOURCE VOLTAGE (Vgs)—-V 
92CS- 37220 92CS-3722I 
Fig. 4 — Normalized drain-to-source on resistance to Fig. 5 — Typical transfer characteristics for all types. 


junction temperature for all types. 
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RFM8N78L, RFM8N20L, RFP8N18L, RFP8N20L 


200 


Ry = 258 
Ig (REF) = 0.45 mA 
Ves= 5V 


SOURCE — 
VOLTAGE 


Vos — Volts 
8 
° 

Vos — Volts 


50 


Ig (REF) 
Ig (ACT) 


TIME — Microseconds 92¢$-37660 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


Ves 25 V 

PULSE TEST 

PULSE DURATION 80,8 
DUTY CYCLE s2% 


ORAIN-TO-SOURCE RESISTANCE Eps (ond) -OHMS 


0 5 10 15 20 25 30 


DRAIN CURRENT (Ip)—A 
92CS-37224 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


PULSE TEST 
PULSE DURATION=80 ps mae 
DUTY CYCLE < 2% Hy 


° 
<£ 
E 
| 
w" 
- 
ao 
Ww 
oO 
rs 
< 
e 
2 
[2 
z 
°o 
oO 
un 
= 
C4 
x 
= 
Oo 
« 
a 
= 
a 
1°) 
we 


DRAIN CURRENT (Ip)—A 
92CS-37226 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 

PULSE DURATION = 80,8 

DUTY CYCLE < 2% 

CASE TEMPERATURE (Tc) #25°C 


DRAIN CURRENT(Io0)-—A 


DRAIN-TO-SOURCE VOLTAGE (Vyng)-V , 
92CS-37223 


Fig. 7 — Typical saturation characteristics for all types. 


ire 
a 
fe 
hed 
Wd 
oO 
= 
< 

= wn 

o — 

< wel Lid 
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oO rf (Fp) 

=—— 

Se 

38 

~@o 

DRAIN-TO—SOURCE VOLTAGE (Vps)—V a. 


92CS- 37225 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


252 


Vp 
TO SCOPE 


=> ODds 
100 V 
KELVIN 


CONTACT 


oo 92CS-37358 


Fig. 11 — Switching Time Test Circuit. 
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RFM10N12L/15L 
RFP10N12L/15L 


N-Channel Logic J Level 


Power Field-Effect Transistors (L2 FET) 


Features Package 
TO-204AA 
© 10A, 120V and 150V BOTTOM VIEW 
* TDS(ON) = 9.32 SOURCE DRAIN 


e Design Optimized for 5V Gate Drives 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits 


e Compatible with Automotive Drive Requirements 


e SOA is Power-Dissipation Limited 


J (FLANGE) 


GATE 
e Nanoscecond Switching Speeds 
e Linear Transfer Characteristics 
TO-220AB 
e High Input Impedance TOP VIEW 
e Majority Carrier Device DRAIN ares 
> 
(FLANGE) SOURCE 

o = PO DRAIN 

Description | => GATE 


The RFM10N12L and RFM10N15L and the RFP10N12L and 
RFP1ON15L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 


220AB plastic package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 


Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 
RFM10N12L RFM10N15L RFP10N12L RFP10ON15L UNITS 


Drain-Source Voltage ..........eccecceeeccecs Vos 120 150 120 150 V 
Drain-Gate Voltage (RqGsg = 1MQ)............ VDGR 120 150 120 150 V 
Continuous Drain Current 

HRMS Continuous 2s sio0 ceecwaeede sews ewade sete ID 10 10 10 10 A 

Pulsed Drain Current......... cc ceeee eee venes IDM 25 25 25 25 A 
Gate-Source Voltage .......... cece cece neces Ves +10 +10 +10 +10 V 
Maximum Power Dissipation 

TOS 42896 oe sicay hint hed eeee ete euees Pp 75 75 - 60 60 W 

Above Tc = +25°C, Derate Linearly ............. 0.6 0.6 0.48 0.48 W/9C 
Operating and Storage Junction ............ TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 oC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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File Number 1559.1 


Specifications RFM10N12L, RFM10N15L, RFP10ON12L, RFP1ON15L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 


TEST RFM10N12L RFM10N15L 
CHARACTERISTIC SYMBOL CONDITIONS RFP10N12L RFP1ON15L 


Keel cl IE Hel a Mk Mel S32 
Voltage Ves = 0 
lb=2mMA 


Zero-Gate Voltage Drain Vos = 100 V Tacs eats 
Current Vos = 120 V == 1 
Te = 125°C ie 
Vos = 100 V 50 | a 
Vos = 120 V = 50 


Vos =0 


Drain-Source On Voltage Vostom@ 


Resistance Ves=5V 
penton [rrr |e [fe | Tom 
b= 


Vos=25v [| — | 1200 | — | 1200 | 
Ves=ov { = | 250 | — | 250 | p 
| = | 20 | — | 120 CC. 


Reverse-Transfer Capacitance 
Turn-On Delay Time 15(typ) | 60 | 15(typ) | 60 | 
s0(typ s0(typ 


° 


Thermal Resistance Rc a se | 
Junction-to-Case RFM10N15L 
RFP10N12L, 
| RFP10N15L 


LOGIC LEVEL 
POWER MOSFETs 


~ 
o) 
© 
i) 
~ 
=) 
or 
Ww 

° 

O 

2 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


RFM10N12L RFM10N15L 
RFPION12L | RFPION15L 


Reverse Recovery Time lp = 4A, die/dt = 100 A/us 150 (typ.) 150 (typ.) 


4 Pulse Test: Width < 300 us, Duty cycle < 2% 


CHARACTERISTIC SYMBOL TEST CONDITIONS 
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RFM10N172L, RFM10N75L, RFP1ON172L, RFP1ON75L 


e| CASE TEMPERATURE (To)=25 °C __ Be 
(CURVES MUST BE DERATED (eH 
Hae 

i 


LINEARLY WITH INCREASE IN Hi 
4 TEMPERATURE) He eal 


‘s HEH 
TALES EL a eee |HERE 
TEER Fete BE a 


FEE TT TA Ey BUTE ERE iE a ce inHHH 
LH hy ett peda at Sart 


Th TY 
ae HH ae (ge : 
a! EN HH Ht bet rie 
i Ne Eueres Utne 
th! i i Fa 


rs) 


SS? 3222 
= 
J itty 


Su eetoneas eesttesea ol 


DRAIN-CURRENT (Ip)—A 


a a it Ll 1 


Hee ne rae tac ese oem 2 Bu sn waase 
MEANS ATETE ATI SOB AT TI eT! BA TT ONS ASAT Fatt seell RETESET I AT SESE EM BESTS ETI 2 RE 
| 10 100 1000 
DRAIN-TO- SOURCE VOLTAGE (Vps) —V 
92CM-38155 


Fig. 1 - Maximum safe operating areas for all types. 


Vos" Vps ieee 
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Fea 
Seeguagenene 
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aamnena RFMIONISL sacs 
rTN 7 aus 
NER 
7.48 | 


GS (thoy 


OLV 


POWER DISSIPATION (P7)-W 
wo 


NORMALIZED GATE THRESHOLD VOLTAGE 


) 50 100 I50 
Senet NEES Hala WIE Oe aed guint JUNCTION TEMPERATURE (T,)—°C 
. 92CS- 38158 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


Vos = lov 


PULSE TEST 
PULSE DURATION =80ys 
DUTY CYCLE < 2% 


-TO-SOURCE 
n 


ec 
°o 
12) 
i=) 
ron 
uJ 
W 
oO 
a 
Fe 
= 
n 
ww 
« 
z 
(°) 


= 
< 
a 
a 
a 
rm) 
ad 
a 
< 
= 
a 
re) 
z 


SSEREEE\SES 
ON-STATE DRAIN CURRENT [Iponj]—A 


JUNCTION TEMPERATURE (Ty)~ °C GATE-TO-SOURCE VOLTAGE (Vgs)-V 
92CS-38159 | 92CS- 38160 
Fig. 4 - Normalized drain-to-source on resistance vs. junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFM10N12L, RFM10ON15L, RFP10N72L, RFP1ON15L 


150 


I6|PULSE TEST 
PULSE DURATION= 80us 


Rp = 152 IgJDUTY CYCLES 2% Ly 
ane Ig (REF) = 0.45 mA rr 
, Ves = 5 V ane 
52 
< eau 
” Ww | 4un 
= GATE SOURCE = a Cet 
S$ VOLTAGE > Ss tH 
| 75 | e HH 
2) 72) = ena 
a (o) uJ aul 
> > a ann 
a 
2 
oO 
= 
37.5 z 
a 
Qa 
0 ; EEE H+ 
G (REF) ao JG (REF) 
Ig (ACT) Ig (ACT) DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
TIME — Microseconds 9205-37654 92CS-3816I 
Fig. § - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN7254 and AN-7260. 
‘A PULSE TEST 
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= ae a CECE TH Ht C egg 4 = ec 
BEBE RSs OUe SRR eee CS wu 
0 4 8 12 16 20 0 10 20 30 40 50 oz 
DRAIN CURRENT (Ip)—A -To- - = 
(Ip) Roce unas DRAIN-TO- SOURCE VOLTAGE (Vpg) -V oO 
92CS-38163 Oo. 
Fig. 8 - Typical drain-to-source on resistance as a function Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
Vps7lOV 
2 PULSE TEST 
. PULSE DURATION= 80ys 152 
a DUTY CYCLE <2% ) 
ee a2 
2 
uJ 
LS) 
z 
< 
oO 
=) 
Qa 
= 
o ert aah 
Ww on an a 
z SGneenenenen CONTACT 
i°4 
- 
(=) 
eg 
qd 
= 
a 
{o) 
we 
= 92CS-38157 
DRAIN CURRENT (Ip) -A 
92CS-38164 
Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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mr — RFD12NO6RLE, RFD12NOGRLESM 
aw HARRIS RFP12NOGRLE, RFD3055RLE 
RFD3055RLESM, RFP3055RLE 


N-Channel Logic Level Enhancement-Mode 


May 1992 | Power Field-Effect Transistors (MegaFETs) 
Features 7 Packages 
© 12A, 60V | 7 RFD12NOGRLE, RFD3055RLE 
a TO-251 
¢ rDS(on) = 0.1352 (12N06) ; FOR VIEW 


* (DS(on) = 0.1802 (3055) 


on DOURCE 
e Electrostatic Discharge Rated | DRAIN 
eUIS SOA Rating Curve (Single Pulse) Spee GATE 


e Design Optimized for 5V Gate Drive 


¢ Can be Driven Directly from CMOS, NMOS, TTL Circuits RED{2NOSRLESM, RFDSOSSRLESM 
© Compatible with Automotive Drive Requirements Beta? 


© SOA is Power-Dissipation Limited 

~~ J SOURCE 
¢ Nanosecond Switching Speeds al — DRAIN 
e Linear Transfer Characteristics 7] GATE 


° High Input Impedance 


eaualen carne no ee RFP12NO6RLE, RFP3055RLE 
: 3 


te ade TO-220AB 

Description TOP VIEW 

These N-channel logic-level ESD protected power MOSFETs DRAIN —= 

are manufactured using the MegaFET process. This process, (FLANGE) ——————— oe 
which uses feature sizes approaching those of LSI integrated L, > GATE 
circuits, gives optimum utilization of silicon, resulting in — 


outstanding performance. They were designed for use with 

logic-level (SV) driving sources in applications such as 

programmable controllers, automotive switching, switching Terminal Diagram 

regulators, switching converters, motor drivers, relay drivers N-CHANNEL ENHANCEMENT MODE 
and emitter switches for bipolar transistors. This performance 

is accomplished through a special gate oxide design which 


D 
provides full rated conductance at gate biases in the 3V - 5V 
range, thereby facilitating true on-off power control directly 
from logic circuit supply voltages. 
The RFD12NO6RLE and RFD3055RLE are supplied in the G 
JEDEC TO-251, RFD12NO6RLESM and RFDSO55RLESM in 
the JEDEC T0-252, and RFP12NO6RLE and RFPS0O55RLE in 
the JEDEC TO-220AB plastic package. | 

Ss 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


| UNITS 
DIaIN=SOUICE VONAGE: ose bavccre wepnne mod waren oN et eeaN we aes Oma eee ele de Cosa wees eles Vps 60 V 
Drain-Gate Voltage (RES = 1M) sss ccwsd vn vesnese esas vader yet nes ohosaeewaa sa dadenss VDGR 60 V 
Continuous Drain Current 
RMS Continuous. ccisi cits aaa ean eed- shut eames Mea Daas arte send SEM pst aes eennwees Ip 12 A 
PUISEd Dain OCUMeNnt sc. ies cas Gaeisiee wei eeu eee Nas Mb Rea see be eae EN Seles Me taree wa tours loM 26 A 
Gale Source VONAGE ais 2h wae ob inns 6 Bie Cee eolew etal e Cats ote whe aee ane eaw seen enesaadks VG6s +10 -5V 
Maximum Power Dissipation 
TOS eo Gen eielas te boeeeeul sac aeemaris atte aialuesiarg ae erica nie ies asia aOR aah Pp 40 W 
Above To = +259, Derdte Lincarly an... eee ie ve ccaws eeweud soba ced cadad donee s babeeeawees ois 0.32 W/9G 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve Electrostatic Discharge Rating, ............ 2 KV 
ESD, MIL-STD-883, Category B(2) 
Operating and Storage Junction Temperature Range.......ccecccccccccnccceeeenseneres Ty, TSTG -55 to +150 oC 
Copyright © Harris Corporation 1992 File Number 2407.1 
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RFD12NO6RLE, RFD12NO6RLESM, RFP12NO6RLE, 
RFD3055RLE, RFD3O55RLESM, RFPSOSSRLE 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C Unless Otherwise Specified 


LIMITS 


RFD12NO6RLE 
CHARACTERISTIC TEST CONDITIONS RFD12NO6RLESM 
RFP12NO6RLE 


Drain-Source BVoss lp = 0.25 mA 
Breakdown Voltage Ves =O V 


Gate Threshold Vesiam Vas = Vos 
Voltage Ip = 0.25 mA 


Zero Gate Voltage loss Vos = 60 V, Ves =O V 
Drain Current Tc = 150°C 


Gate-Source lass Ves = +10 V 
Leakage Current Ves =-5 V 


On Resistance Toston) Ves = 5.0 V, lb =12A 
Ves = 4.0 V, Ib =12A 

Turn-On Time tion) See Fig. 13 

Turn-On Delay Time taion) Vop = 30 V, IDb=6A 


Ri = 5.00 
Turn-Off Delay Time tatorn Igi =Ig2=0.4A 
Fall Time tr Vastciamp)= +5 V, -0.6 V 


Turn-Off Time tion 


Total Gate Qatton -n. 
Charge Vas = O10 


Gate Charge Qagss ne 
at 5 Volts ck aciele cache 


Threshold Gate Qaitn Ves = 0-1 V 
Charge 


12 (typ) 
Rael 
Plateau Voltage | 
a 


LOGIC LEVEL 
POWER MOSFETs 


Turn-Off Energy Voo = 30 V, lb =6A 

Loss per Cycle L =0.2 uH, Igi =Ig2=0.4A 
Vesictamp) = +5.0 V, -0.6 V 
Ri =5.0Q 


Thermal Resistance RdJC 

Junction to Case 

Thermal Resistance RAJA TO-251 & TO-252 packages 
Junction to Ambient TO-220 package 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Forward Voltage Vs Isp = 12A 


D 
‘Reverse Recovery tir lp=12A 
Time di-/dt = 100 A/us 
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RFD12NO6RLE, RFD12NO6RLESM, RFP12NO6RLE, 
RFD3055RLE, RFD3055RLESM, RFPSO5S5RLE 


ELECTRICAL CHARACTERISTICS, Case Temperature ( Tc) = 25°C Unless Otherwise Specified 


LIMITS 
| RFD3055RLE 
CHARACTERISTIC TEST CONDITIONS RFD3055RLESM UNITS 
: RFP3055RLE 


Drain-Source BVoss lp = 0.25 mA 
Breakdown Voltage Ves =0V 


Gate Threshold Vesitn Ves = Vos, lp = 0.25 MA 3 ae 
Voltage Tj = 150°C 0.6 
Zero Gate Voltage Ipss Vos = 60 V, Ves = 0 V 


Drain Current Tc = 150°C 
Gate-Source lass Ves = +10 V M 
Leakage Current Vas =-5 V 


[Ton esitance tana Vos OV, =A 
See Fig 14 
Rise Time | tr | Voo=25V,lb=6A 
Fall Time tr | Rogen = Ras = 50.9 


+e) 


Total Gate Charge Q, Vos = 48 V, Ib =12A 11 (typ) 17 
Gate Source Charge Qgs Ves =5V 4 (typ) nc 


Gate Drain Charge Qo Ri. = 4.09 7 (typ) 


Plateau Voltage . V plateau) Ip =12A, Vos = 15 V 


Turn-Off Energy Voo = 30 V,ID=6A 
Loss per Cycle L =0.2 uH, Ig1 =Ig2=0.4A 
Vasiclamp) = +5.0 V, -0.6 V 

Ri. =5.09 


Thermal Resistance R6JC 3.125 

Junction to Case . 

Thermal Resistance R@JA TO-251 & TO-252 packages 100 ome 
Junction to Ambient | TO-220 package 80 


| Forward Voltage Vo | to 2A | | 


.~ 


| 


Reverse Recovery lF=12A 200 
Time: di-/dt = 100 A/us © 
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DRAIN CURRENT(Id)-A 


Fig. 1 - Safe-operating area curve. (Curves must be derated 
linearly with increase in case temperature.) 


DRAIN CURRENT (id)-A 


Fig. 3 - Maximum continuous drain current vs. temperature. 


DRAIN CURRENT (Id)-AMPS 


10.0 


0.1 


{ 10 


RFDI2NO6RLE, RFD12NO6RLESM, RFP12NO6RLE, 
RFD3SO55RLE, RFD3O55RLESM, RFP3055RLE 


CASE TEMPERATURE {TC)=25degC 


——— 
ae eo a calomel area 
ee a a a ee 
eae Ro ae i TE 
pwc | UE tL 
CRRE GE aa 

8 a, RS EE EE EE a C$) PS SS EG ee 
OC SE oe 
Pies 2 en es Be il aaa eae a Se 
ES 
Se ae a 0 ss ST 

| 

CE SEEN DASA OE AD Lz) AG (A a DEE ESET INET OD ER ie GE 
SRA A AT) a (A PG 
hae er ee ee ee ee 
aaa A? HB 
sae te a se 


= 
[o] 
So 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
SOATASBEICF4 


CASE TEMPERATURE (Tc)-degC 
IDTAS86ICF4 


PULSE DURATION=250us Tc=25degC 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


SATTAS861CF 4 


Fig. 5 - Typical saturation characteristics. 


torts) (3 RATED BVdes—Vdd) 
al 
tave(L/R)ir{(loseR)/(13 RATED BVdss - Vdd) + 1] 


0.10 


100 


Starting T] = 25degC 
Starting T} = 150degC 


TIME IN AVALANCHE (tav) - MILLISECONDS 


Fig. 
(Single pulse UIS SOA.) 


coe 
aaa 


lees 
eee 
EAL! 
Hae eeE 4 
aSBy 26 


POWER DISSIPATION MULTIPLIER 


CASE TEMPERATURE (TC)-degC 


led 
eal 
alles Ms rat eel eect 
id 
Ea 


2 - Unclamped-inductive-switching. Safe-operating-area. 


Fé 
aa 


LOGIC LEVEL 
POWER MOSFETs 


POWTEMPDERATCF3 


Fig. 4 - Normalized power dissipation vs. temperature derating 


curve, 
-55degC 


ON-STATE DRAIN CURRENT [id(on)] - A 


25degC 


150degC 


GATE-TO-SOURCE VOLTAGE (Vgs)-V 


VGSTAS5ICF4 


Fig. 6 - Typical transfer characteristics. 
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RFD1I2NO6RLE, RFD12NO6RLESM, RFP12NO6RLE, 
RFD3O55RLE, RFD3055RLESM, RFP3O55RLE 


Vds=15V Id=12A Vgs=5V Id=12A 


NORMALIZED Rads(on) 
NORMALIZED Rds(on) 


Vgs ~ VOLTS) JUNCTION TEMPERATURE {Tj)-degC 
GRDSTAS861CF4 ROSTAQB61CF4 


Fig. 7 - Normalized rpos(ONn) vs. Vos. Fig. 8 - Normalized roston vs. junction temperature. 


Vgs=Vds Id=250uA 


(Vgs(th)] 


NORMALIZED GATE THRESHOLD VOLTAGE 
NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss)-V 


JUNCTION TEMPERATURE (T})-degC JUNCTION TEMPERATURE (Tj)-degC 
GTHTAQB61CF4 BVDTAQB61CF4 
Fig. 9 - Normalized gate threshold voltage vs. temperature. Fig. 10 - Normalized drain source breakdown voltage vs. 
temperature. 
Vgs=0V FREQUENCY {fl=1MHz 60 
RL=5.0 OHMS 
IQKREFE 0.25mA 
Vos= 5V 
45 
. 
9 bE 6 
w a 0 
3 faa i 
E " pi 
Ss 0 [e} 
Q 5 4 
a. 
f 
O 
15 
0 : 
Ig(REF) : go OREN 
DRAIN-TO-SOURCE VOLTAGE (Vds)-V 20 act IME-MICROSECONDS ACT 
CAPTAS66ICF4 
Fig. 11 - Typical capacitance vs. voltage. Fig. 12 - Typical switching waveforms for constant gate current. 


Refer to Harris application notes AN7254 and AN-7260. 
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RFD12NO6RLE, RFD12NO6RLESM, RFP12NO6RLE, 
RFD3055RLE, RFD3055RLESM, RFP3O55RLE 


Vop 
' ton 
—" off 
Re td(on) | | td (off) — 
tr el Vv 
°, DD 
oe 90% 
D 
Ig, = Ig, 
Ov 
G 
0 I91—__ 
5V s 
= Ig2 a Sas os | Sig 1S. a me SS es ee 
SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 


92CM-43554 


Fig. 13 - Resistive switching. 


LOGIC LEVEL 
POWER MOSFETs 


eeaersers SWITCHING WAVEFORMS 
92GS-44273 


Fig. 14 - Resistive switching. 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


ves= 10V] Ftp] 


92C$=42659 


92CM-43553 


Fig. 15 - Unclamped inductive switching test. 
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™ HARRIS 


RFM12NO8L/10L 


RFP12NO8L/10L 


August 1991 


Features 

© 12A, 80V and 100V 

* DS(ON) = 9.22 

e Design Optimized for 5V Gate Drives 

e Can be Driven Directly from QMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

¢ SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFM12NO8L and RFM12N10L and the RFP12NO8L and 
RFP12N10L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors specifically designed for 
use with logic level (5V) driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 


biases in the 3V - 5V range, thereby facilitating true on-off . 


power control directly from logic circuit supply voltages. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 


Because of space limitations branding (marking) on type 
RFP12NO8L is F12NO8L and on type RFP12N10L is 
. FI2N10L. 


N-Channel Logic Level 


Power Field-Effect Transistors (L2FET) 


Package 
TO-204AA 
BOTTOM VIEW 
| DRAIN 


GATE 
TO-220AB 
TOP VIEW 
DRAIN =a 


Terminal Diagram 


’ N-CHANNEL ENHANCEMENT MODE 
D 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


RFM12NO8L RFM12N10L 


Drain-Source Voltage ....... ce cee ee cece eeeee Vps 80 
Drain-Gate Voltage (RGsg = 1MQ) ............ VDGR 80 
Continuous Drain Current ' 

RMS Continuous: .1soic sok 5 cea eaiem snnsiee seca Ip 12 

Pulsed Drain Current..........0.eeeeeceeeeee IDM 30 
Gate-Source Voltage ........ i eewuieese wel ee VGs +10 
Maximum Power Dissipation 

TG 25°C | es asi tee ai ees eee sees Pp 75 

Above Tc = +259C, Derate Linearly ............. 0.6 
Operating and Storage Junction........... Ty Tstq  -55to+150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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RFP12NO8L RFP12N10L UNITS 
100 80 100 V 
100 80 100 V 
12 12 12 A 
30 30 30 A 
+10 +10 +10 V 
75 60 60 W 

0.6 0.48 0.48 W/°C 
-~55to +150 ~55 to +150 -55to +150 so @} 

File Number 1512.1 


Specifications RFM12NO8L, RFM12N170L, RFP12NO8L, RFP712N10L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


TEST 
CONDITIONS 


RFM12NO8L RFM12N10L 
RFP12NO8L RFP12N10L. =| UNITS 


Tet 25°C 
Vps=65 V 
Moe=80 V 


Drain-Source On Voltage 


Static Drain-Source On Resistance lps(on)* 
Ve 5V 
Forward Transconductance baieneblnicccene a Saale Vps=10 V 


Input |Input Capacitance ar: ae 
ee neta apa es 
a 
|Turn-OffDelayTime | taffy) 


Thermal Resistance R@ic 


Junction-to-Case 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM12NO8L RFMI2N10L | ynnrs 
CONDITIONS RFP12NO8L RFP12N10L 
Diode Forward Voltage | tsp-GA | |] A | 


Low) 
Reverse Recovery Time te \F a x 150(typ) 150(typ) 
di-/d,=100 A/ys 


*Pulse Test: Width < 300 us, duty cycle < 2%. 


CHARACTERISTIC SYMBOL 
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LOGIC LEVEL 
POWER MOSFETs 


RFM12NO8L, RFM12N10L, RFP12NO8L, RFP12N10L 


100, CASE TEMPERATURE(Tc )= 25°C 
(CURVES MUST BE DERATED | 
LINEARLY WITH INCREASE 

IN TEMPERATURE) 


Ht : 
Ip (MAX.) CONTINUOUS 


UM ER ER RSEES Tie 
I S111 SNES SNE RRR ELIE 


Hl 


DRAIN CURRENT (Ip)—A 
HI SMRS STENTS! 


ft 


Voss (MAX.) 80 V RFMI2NOBL,RFPIZNO8L3 


tt 
To 
i 


EST SHUGERAE LL 
2 4 6 8 2 4 6 8 2 4 6 8 
| 10 10 1000 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-37392 


Fig. 1 — Maximum operating areas for all types. 


POWER DISSIPATION (P,)—W 
NORMALIZED GATE THRESHOLD VOLTAGE 


an 
as5 
CN cor 
COC EOE CCN 


0 50 100 150 200 
CASE TEMPERATURE ICIS SE ond 365458 JUNCTION TEMPERATURE (Ty )—°C 
92CS-372I1 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


Vps* lov 
PULSE TEST 
PULSE DURATION=80ys 
DUTY CYCLE < 2% 


-TO-SOURCE 


[ros(on)]} 


= 
< 
a 
Ow 
ned 
Ww 
Nh 
200. 
=e 
rr 
oz 
zo 


ON-STATE DRAIN CURRENT [Ip(on)]J—-A 
fe) 


sus’ sSeseeeazast 
SunaR Sup 48 Ht 
san patel Tc =-40°C 1 
~5O re) 50 100 150 iat + a 
JUNCTION MET MOE he Ancash. GATE- TO-SOURCE VOLTAGE ( gg) ~V 
: ; : ’ 92CS- 37213 
Fig. 4 — Normalized drain-to-source on resistance to 
junction temperature for all types. _ _, Fig. 5 — Typical transfer characteristics for all types. 
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RFM12NO8L, RFM12N10L, RFP12NO8L, RFP12N10L 


100 


Ry = 8.33" 
_ Ig (REF) = 0.56 mA 
Vos = 5V 


GATE SOURCE 


VOLTAGE 
50 


Vos — Volts 
Ves — Volts 


25 


Ig (REF) 


Ig (REF) 
OT ACN 


80 ——__— 
é 1g (ACT) 


TIME — Microseconds 92CS37643 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


PULSE TEST 
PULSE DURATION =80us 
DUTY CYCLE< 2% 


-OHMS 


Crps(on)] 


DRAIN-TO-SOURCE ON RESISTANCE 
9° 


92CS- 37216 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


PA TPA 
SAC ERSEANAR 
SUR WWeeeeek 
eRe 
CT 


uaae 
aA'eee 
W288 
river tT Trn 
aun 


aS5n8 
bot 
a Rees 


Lt] PULSE TEST 
PULSE DURATION= 80s 1 
DUTY CYCLE < 2% 


FORWARD TRAN SCONDUCTANCE (gfs)—mho 


rt) | 


Ure 
~~ 


DRAIN CURRENT(Ip)—A 
92CS-37218 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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40) pULSE TEST 
PULSE DURATION*80 ps 
DUTY CYCLE < 2% 
CASE TEMPERATURE (Tc) =25°C 


DRAIN CURRENT (Ip )—A 


DRAIN-TO-SOURCE VOLTAGE ( Vps)—-V 
92CS-37215 


Fig. 7 — Typical saturation characteristics for all types. 
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LOGIC LEVEL 
POWER MOSFETs 


10 0 30 40 
DRAIN- TO- SOURCE VOLTAGE (Vpg)-V 


92CS-37217 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


8.32 


Vp 
TO SCOPE 


KELVIN 
CONTACT 


92CS-37359 


Fig. 11 — Switching Time Test Circuit. 


a 


HARRIS RFD14NO5L/05LSM 


RFP14NO5L 


N-Channel Logic Level Enhancement-Mode 


June 1992 Power Field-Effect Transistors (MegaFETs) 
Features Packages 
e 14A, 50V RFD14NO05L 
TO-251 

* rDS(on) = 0.1000 — TOP VIEW 
e UIS SOA Rating Curve (Single Pulse) pn SOURCE 
° Design Optimized for 5V Gate Drive pRa— a DRAIN 
¢ Can be Driven Directly from CMOS, NMOS, TTL Circuits | GATE 
¢ Compatible with Automotive Drive Requirements 
¢ SOA is Power-Dissipation Limited RFD14NO5LSM 
e Nanosecond Switching Speeds ey 
e Linear Transfer Characteristics . 

Ostet: "0 SOURCE 
t 

igh Input Impedance DEAN 2s eee 
¢ Majority Carrier Device GATE 
¢ Operating Temperature ..... ss Weaerdua ta Gace leita we +150°C 
Description BRP tandst 
TO-220AB 

The RFD14NO5L, RFD14NO5LSM and RFP14NO5L N-Chan- TOP VIEW 
nel logic level power MOSFETs are manufactured using the DRAIN — 
MegaFET process. This process, which uses feature sizes ap- (FLANGE a? SOURCE 
proaching those of LSI integrated circuits gives optimum utili- [> DRAIN 
zation of silicon, resulting in outstanding performance. They = __ GATE 


were designed for use with logic-level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, switching regulators, switching converters, motor 
relay drivers, and emitter switches for bipolar transistors. This 
performance is accomplished through a special gate oxide de- 
sign which provides full rated conductance at gate biases in 
the 3V - 5V range, thereby facilitating true on-off power control 
directly from logic circuit supply voltages. 


The RFD14NO5L is supplied in the JEDEC TO-251 plastic 
package, the RFD14NO5LSM in the JEDEC TO-252 plastic 
package and the RFP14NO5L in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


G 


PIC/RF/ 
D14NOSL/ 
FN224604.gem & 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


Drain-Source VOitage v.55. eae goatee vacdie awa eadeawas ou casas’ Mea eues 
Drain-Gate Voltage (RGS = IMD) ..... cece cece cee ence eee ee eees 


Continuous Drain Current 


Gate-Source Voltage: aise ceiniicstelwewe sede ee bc cede ai 6h eeeeees 


Maximum Power Dissipation 


TGS 28S casks ee daw na shauameeiasan Seale haere aewuoeenae uae 
Above Tc = +259C, Derate Linearly ........ cece cece cence eee ee ence 
Single Pulse Avalanche Rating ........ccecsccccccccacceceecssceccecs 
Operating and Storage Junction Temperature Range..........sceececes 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1992 
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UNITS 
Wee a eeraes Vos 50 V 
Sevens cain VDGR 50 Vv 
ee ae: Ip 14 A 
ee eee lom 35 A 
eee r re Ves +10° V 
bi ates aue tee Pp 40 W 
6 hobbit balucmeins 0.32 W/9C 
sites yeace sees Refer to UIS SOA Curve 
ayes gates Ty, TSTG -55 to +150 oC 

File Number 2246.1 


Specifications RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C Unless Otherwise Specified. 


LIMITS 
CHARACTERISTIC TEST CONDITIONS ans UNITS 


Drain-Source Breakdown Voltage BVoss lp = 0.25 mA, Vas = 0 V he ; 
Gate-Threshold Voltage Vas(th) Ves = Vos, ln = 0.25 mA ae ae Se 


Zero-Gate Voltage Drain Current lpss Moe eee eee ee LA 
To = 150°C ee a as 
|Gate-Source Leakage Current —stcss_ | = Vas=t10V,Vos=OV =| — | 100 | nA | 
[Static Drain-Source On-Resistance __ros(on) { ——2=WeA.Wes = SY ___} _—_} ot A 
lp = 14 A, Vos = 4 V ae ee 
Von = 25V, lbn=7A eters wO0r 
lor = loz = 0.4 A Eee 1S (typ) | 
Ves(clamp) +5 V,-0.6V |  — | 24 (typ.) | 
Ri = 3.57 0 P| a2 typ.) 
(See Figs. 10 & 11) |__| 16 (typ.) | 
i ee = 100 
[Vesso10v | — | 40 | 
| Vos=O0-5V_ | — | 25 | nc 


Threshold Gate Charge Q,(th) Ves=O-1V | — | 15 | 
Plateau Voltage V (plateau) ln=14A, Vos = 15 V | — | 4 | Vv 


Von = 25 V, lo=7 A, L = 0.2 wH, 
14 pd 


Ru = 3.57 Q, lor = Ig2 = 0.2 A, 
Ves(clamp) +5 V, -0.6 V 
Thermal Resistance, Junction-to-Case Rac {| ©... | = | 3.125 
\ TO-251 & TO-252 | — | 100 | °C/W 
Thermal Resistance, Junction-to-Ambient Rgua 70-220 a ee 


Turn-Off Energy Loss Per Cycle Eott 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTIC TESTCONDITIONS == | —_LIMITS_| 


[Diode Forward Voltage Vs ts = 4A 
tr | We=14A,dir/di=100A/us | — | 125 | ons 


Reverse Recovery Time 


CASE TEMPERATURE (TC)=25degC 


OPERATION IN 
AREA IS LIMIT 


DRAIN CURRENT(d)—-A 


SS 
a 
fe 
= 
= 
a 
a 
i 


DRAIN-TO-SOURCE VOLTAGE Wds)-V 
SOAGEX{4NO5LCF5 


Milli 
Meal 
MBER 

sf rrr 


Fig. 1 - Safe-operating-area curve. (Curves must be derated 
linearly with increase in case temperature.) 
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LOGIC LEVEL 
POWER MOSFETs 


DRAIN CURRENT (d)-A 


DRAIN CURRENT (Id)-AMPS 


NORMALIZED Rds(ON) 


RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


a 
Ww 
7 
a. 
5 
2) 
= 
z 
2) 
- 
a 
W”) 
”) 
ral 
id 
Ww 
3 
re) 
a 
CASE TEMPERATURE (Tc)-degC CASE TEMPERATURE (TC)-degC 
IDGEX14NO5CF5 POWGEXI4NO5LCF5 
Fig. 2 - Maximum continuous drain current vs. temperature. Fig. 3 - Normalized power dissipation vs. temperature derating 
curve. 
~55degC 25degC 150degC 
re PULSE DURATION=80us Tc=25degC as _ 
¢ 
aa 3 
ra 
2 
aed 
2 
Fe 
ee 
WwW 
Let i 
x 
D 
O 
Zz 
< 
a 
fa) 
a 
< 
? 
Zz 
O 
DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
SATGEXt4NO5LCF5 GATE-TO-SOURCE VOLTAGE (Vgs)-V 
VGSGEXt4NO5LCF5 
Fig. 4 - Typical saturation characteristics. Fig. 5 - Typical transfer characteristics. 
Vgs=5V Id=14A 
25 : 
id 
Ke) 
” 
D 
vd 
fal 
Uy 
N 
a 
< 
= 
rd 
re) 
z 


Vas ~ (VOLTS) | JUNCTION TEMPERATURE (T)-degC 
NRADSGEDI4CF6 RDSGEX14NO5LCF5 


Fig. 6 - Normalized ros(On) vs. Vos. Fig. 7 - Normalized ros(on) vs. junction temperature. 
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RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


250uA 


Id= 


250uA 


Vgs=Vds Id 


A-(88PA8) BDVLIOA NMOOXVSHa 
ZOYNOS-OL-NIVEG GAZNVWHON 


7 Y = Oo of OO 
oe re, oO oO oO 
(uys6,) 

SOVLIOA TIOHS3SYHL SLVSD AGSZNVWNHON 


2 
as 


JUNCTION TEMPERATURE (Tj)-degC 


JUNCTION TEMPERATURE (Tj)-degC 


BVDGEX14NOSLCF5 


GTHGEX14NO5LCF5 


Fig. & - Gata thrashold voltago vs. tomporaturo. 


Fig. 9 - Drain source breakdown voltage vs. temperature. 
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CISS 


CRSS 


OV FREQUENCY (f=1MHz 


Vgs= 


E x = 
a RE A 


S1Z4ISOW Y3MOd 


TAAIT 91907 


SLIOA—SIA 


mt 


$4-(9) SONVLIOVdYD 


DRAIN SOURCE VOLTAGE 


! 


See 
DI O7 


TIME — MICROSECONDS 


Tg (ACT) 


jo) 
N 


SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 


CAPGEX14NOSLCF5 


Fig. 11 - Normalized switching waveforms for constant gate- 


Fig. 10 - Typical capacitance vs. voltage. 


current. Refer to Harris application notes AN7254 and 


AN-7260. 
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RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


VoD 


Ig, 16, 


GATE CURRENT 
5 Vv , 


SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 


92CS-42922 


Fig. 12 - Resistive switching. 


VARY tp TO OBTAIN 
REQUIRED PEAK I, DUT 


92CS-42659 


92CS-42660 


Fig. 13 - Unclamped energy test circuit. Fig. 14 - Unclamped energy waveforms. 


STARTING TJ= 26degC 
STARTING T]= Eoaege 


Tas - AMPS 


10 1.00 
TIME IN AVALANCHE (tav) - MILLISECONDS 


Fig. 15 - Unclamped inductive switching. 
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at HARRIS 


RFM15NO5L/06L 


RFP15NO5L/06L 


August 1991 


Features 

e 15A, 50V and 60V 

* TDS(ON) = 9.142 

e Design Optimized for 5V Gate Drives 

e Can be Driven Directly from QMOS, NMOS, TTL Circuits 
e Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The RFM15NO5L and RFM15NO6L and the RFP15NO5L and 
RFP1SNO6L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors specifically designed for ap- 
plications such as switching regulators, switching converters, 

_ motor drivers, relay drivers and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 


Because of space limitations branding (marking) on type 
RFP15NO5L is FISNO5L and on type RFP15NO6L is 
F15NO6L. 


N-Channel Logic Level 


Power Field-Effect Transistors (L2FET) 


Package 
TO-2040A 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


TO-220AB 
TOP VIEW 
DRAIN is) 
hE ——— 
(FLANGE) SOURCE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


RFM1S5NO5L RFM15NO6L 


Drain-Source Voltage .... 2... cece ee ence eens Vps 50 
Drain-Gate Voltage (RGS = 1MQ) ............ VDGR 50 
Continuous Drain Current 

RMS Continuous ....... cece eee e cee cect eens Ip 15 

Pulsed Drain Current.........cceee cece eneees IDM 40 
Gate-Source Voltage 1.2... cece cee ee eee eee Ves +10 
Maximum Power Dissipation 

TG 2° S stiswtoumeetmee toes a we souuawar Pp 75 

Above Tc = +25°C, Derate Linearly ............. 0.6 
Operating and Storage Junction ........... Ty, TSTG -55 to +150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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2 
D hrfire 
= w 
a2 
an 
SS wy 
=5 
G 
S 
RFP15NO05L RFP15NO6L UNITS 
60 50 60 V 
60 50 60 V 
15 15 15 A 
40 40 40 A 
+10 +10 +10 V 
75 60 60 W 
0.6 0.48 0.48 W/°C 
-55to+150 -55 to +150 -55to +150 1 @: 
FileNumber 1558.1 


Specifications RFM15NO5L, RFM15NO6L, RFP75NO5L, RFP15NO6L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 


a 
TEST RFM15NO05L RFM15NO6L 
CHARACTERISTIC SYMBOL CONDITIONS RFP15NO5L RFP15NO6L UNITS 
Voltage Ves = 0 
lb=1mA a 
Zero-Gate Voltage Drain Vos = 40 V SERRE EAE 
Current Vos = 50 V — 1 
Tc = 125°C LA 
ee (-[:[-[5 
Vos = 50 V = 50 
Vos =0 
Drain-Source On Voltage Voston@ lb=7.5A ae Lo 
| Ves =5V V 
~ Ip=15A 3.0 3.0 
Resistance Ves=5V 
| — | 900 | ~ | 900 _ 
cs | = | 40 | — | 450 | oF 
Crss | = | 200 | — | 200 
taton Voo = 30 V 
| 325 | 
| 325 


Paeee 250(typ) 250(typ) | 325 
Turn-Off Delay Time taiomn Roe = 6.25 9 200(typ) 200(typ) | 325 
Fall Time Ves = 5 V 225(typ) 225(typ) | 325 
Thermal Resist Re RFM15NOSL, 

Junction-to-Case RFM15NO6L 


°C/W 
2.083 cag 2.083 


LIMITS 


RFM15NO5L | RFM15NO6L 
RFP15NO5L RFP15NO6L 


RFP15NO6L 
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


RFP15NOSL, = 


CHARACTERISTIC SYMBOL 


Diode Forward Voltage Vsp@ 
Reverse Recovery Time 


@ Pulsed: Pulse duration = 300 ps, duty cycle = 2%. 


TEST CONDITIONS 


me f- [ef -po 
.) 


lp = 4A, die/dy = 100A/ps 225 (typ.) 225 (typ 
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RFM15NO5L, RFM15NO6L, RFP15NO5L, RFP15NO6L 


CASE TEMPERATURE(Tc )= 25°C ixtiatiert eee este epee TT 
(CURVES MUST BE DERATED = Sint HR SRS Rete ttt 
_IN TEM PE oubetis EASE TT SnH Te eae rT 
. eee at diisecsiuitel ins SEH 
ste aul 
Bee He ie HERE Hie es HMB 
: rhb CONTINUOUS ee feeanted ees deter bested [| 
en He a - L Hy sa eauill 
‘; as SE 2 eH He EEE IS ER 

BSssss SISTS LETT oes ME ER BS 

SaEAe izes use fe Ousi ites ool RNAS 
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‘ ZS piper 


OPERATION IN 28 


i q JE ae 
flilgessi ce oe 
. 7 Hud peste i ie maou 
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meaeeat Hi Cet ett} 33 Sass. Hie HH faa HH Hy 
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DRAIN CURRENT(Ip)—A 


;: aii see 
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4 Moss (MAX.) 6OV(REMISNO6L eepeneet oe 
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1 4 6 Bio 2 4 6 8100 2 4 6 81000 
ORAIN-TO-SOURCE VOLTAGE (Vp5)-V 
92CM-38152 


Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (Py )—W 
LOGIC LEVEL 
POWER MOSFETs 
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ea le kl 92CS-38154 JUNCTION TEMPERATURE (T,)—°C 
92CS-38145 
Fig. 2 - Power dissipation vs. case temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 
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ON STATE DRAIN CURRENT [ Ip (on)] —A 


ip t | 
CT Cr TTT ey 
FITo*- 40°C 11 


-50 ft) 50 100 saci 150 
JUNCTION TEMPERATURE (T, )-° -To- “ 
J) oeeeneiae GATE-TO-SOURCE VOLTAGE (Vgs)—V 
92CS-38147 
Fig. 4 - Normalized drain-to-source on resistance vs. junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFM15NO5L, RFM15NO6L, RFP15NO5L, RFP15NO6L 


40] PULSE TEST 
PULSE DURATION=80xus 


DUTY CYCLE <2% 


Rt =4n 
Ig (REF) = 0.5 mA 

Ves= 5V LH 

jt 
<q | 
! i] 
Z 2 ‘eo 
$ GATE SOURCE VOLTAGE 8 H 4 
| | oe 
a = Yop = Voss 8 3 20H 
a a 
> mr, ae « 
z | 
- a 
< a 
[a a 
cee! 
gS 
a 
a 
a 

iv’ 

TIME — Microseconds 92CS$-37634 
DRAIN~ TO-SOURCE VOLTAGE (Vps) ~V 
: 92CS-38148 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN7254 and AN-7260. 


Vgst5V° PULSE TEST 


PULSE OURATION=80p8s 
DUTY CYCLE < 2% 


SOOT FREQUENCY (f) = 1 MHz 
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DRAIN- TO-SOURCE ON RESISTANCE 
Crps (on0)-OHMS 
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DRAIN CURRENT (Ip)-A DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
peace elt 92CS~38150 
Fig. 8 - Typical drain-to-source on resistance as a function Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
Vps =!0V 
PULSE TEST 
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DRAIN CURRENT (Ip)— 92CS-38151 


Fig. 10 - Typical forward transconductance as a function of drain | Fig. 11 - Switching Time Test Circuit. 
current for all types. — 
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RS RFD16NO5L 
reeres RFD16NO5LSM 


N-Channel Logic Level Enhancement-Mode 


June 1992 Power Field-Effect Transistors (MegaFETs) 
Features Package 
° 16A, 50V TO-251AA 
TOP VIEW 
. 'ps(ON) = 0.0479 
e UIS SOA Rating Curves (Single Pulse) $5 source 
¢ Design Optimized for 5V Gate Drives ree | | —_—______— DRAIN 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits : ita 
¢ Compatible with Automotive Drive Requirements 
e SOA is Power-Dissipation Limited 
TO-252AA 
e Nanoscecond Switching Speeds TOP VIEW 


e Linear Transfer Characteristics 
¢ High Input Impedance 


e Majority Carrier Device 


° Operating Temperature +150°C 


Description 


The RFD16NO5L and RFD16NO5LSM N-channel logic level power 
MOSFETs are manufactured using the MegaFET process. This , ; 
process, which uses feature sizes approaching those of LSI Terminal Diagr am 

integrated circuits gives optimum utilization of silicon, resulting in N-CHANNEL ENHANCEMENT MODE 
outstanding performance. The RFD16NO5L and RFD16NO5LSM 

were designed for use with logic level (5V) driving sources in 

applications such as programmable controllers, automotive 

switching, switching regulators, switching converters, motor relay 

drivers and emitter switches for bipolar transistors. This 

performance is accomplished through a special gate oxide design 

which provides full rated conductance at gate biases in the 3V - 5V G 
range, thereby facilitating true on-off power control directly from 

logic circuit supply voltages. 


The RFD16NO5L is supplied in the JEDEC TO-251 plastic package Ss 
and the RFD16NO5LSM in the JEDEC TO-252 plastic package. 


D 


LOGIC LEVEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


; UNITS 
Diain-SOUlCe VONAGE s+ iat andi tees tee Oh daeden Fees bane seep dens aauteds Vos 50 V 
Drain-Gate Voltage (Reg = 1MQ)...... cece cece ce cece eee eee eee cents Vpcr 50 V 
Continuous Drain Current 

RMS Continuous 2.4.4 swcieie eee ere es teeee eee Ghote dee aat tanya eee et Ip 16 A 

Pulsed Drain Cureila-eu es cnn wnu ew chad buns Yada Cues ena. eve e lom 45 A 
Single Pulse Avalance Rating Refer to UIS SOA Curve 

GaleSource: Voltage: vain biecotws Pore ewe a aioe Mica e de dime aes ewe eetad's Ves +10 V 
Maximum Power Dissipation 

Te SOC Sra nye eee tu ee Co owe God Cate eae oma eee Saeed ane ohaaes Pp 60 W 

Above To = +25°C, Derate Linearly ..... 0... ccc cece cece eect een eeeeeees 0.48 WPC 
Operating and Storage Junction Temperature Range ............. cee ee eee eee Ty, Tste -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2269.1 
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Specifications RFD16NO5L, RFD16NO5LSM 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified - 


; LIMITS 
CHARACTERISTICS | SYMBOL TEST CONDITIONS UNITS 


Gate Threshold Voltage Ves(th) Vas = Vps, |p = 2.05mA 


Zero Gate Voltage Drain Current Vos = 40V, Ves = OV 
To = 150°C 


Drain-Source Breakdown Voltage Ip = 2.05mA, Vag = OV } 


Gate-Source Leakage Current | less «| Va = #10V, Vpg = OV 


Static Drain-Source On Resistance 'ps(on) Ip = 16A, Vas = 5V 
Ip = 16A, Veg = 4V 


MIN] 
[50] 
ped 
pean 
Vp = 25V, Ip = 8A, lay = lap =04A, Vas (olamp) +5, |__| 
“0.6, Fy. = 3.1250” a7 
fRisotime Cid Ee 
| cas 
| 
fee 
pe ae 
[aate Charge at V_] Q9(5) _|Veg=osv_|lo=16a [~~ 
Threshold Gate Charge] Gg(th)__|Vegsoav_ SiS 
iD= T6A, Vg 15 eal 

cal 

cae 


Turn-Off Energy Loss per Cycle Vop = 25V, Ip = 8A, Ry = 3.1259, L = 0.2p1H, Igy = Igo = 
0.8A, Vgg(clamp) +5V, -0.6V 


Thermal Resistance, lunclintoGass [Aye | ———S—SSSSCSSCSCSCSSSCC*”d 
Thermal Resistance, Junction-to-ambient [ _P@jq___[ | 


Source-Drain Diode Ratings and Characteristics 


Ip = 16A, dip/d; = 100A/ps 
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0 0.10 1.00 
DRAIN-TO-SOURCE VOLTAGE Wdsl-V TIME IN AVALANCHE (tav) - MILLISECONDS 


(ty 


1 ) 


TING Tj 25degC 
TING TJ= 


FIGURE 1. SAFE OPERATING AREA CURVE. (CURVES MUST FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING SOA. (SINGLE 


BE DERATED LINEARLY WITH INCREASE IN TEMP.) PULSE UIS SOA 


i 
‘ : 
3 3 
3 
Ww 
0 0 
Z 6 
& 
_ CASE TEMPERATURE (Tc)}-degC CASE TEMPERATURE (TCQ-degC 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TEMPERATURE TURE DERATING CURVE 
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RFD1I6NO5L, RFD16NO5LSM 


PULSE DURATION=80us Tc=25degC 


| Me || 


Vds=15V 


DRAIN CURRENT (d)-AMPS 
ON-STATE DRAIN CURRENT [ldlon)) - A 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V GATE-TO-SOURCE VOLTAGE (Vgs}-V 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


NORMALIZED RdsxXONn) 


NORMALIZED RAdsion) 


JUNCTION TEMPERATURE (T)}-degC Vgs - VOLTS) 


FIGURE 7. NORMALIZED rps(on) vs JUNCTION TEMPERATURE FIGURE 8. NORMALIZED rps(on) vs Vgs 


NORMALIZED GATE THRESHOLD VOLTAGE 
WVgstth)) 
NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss)-V 


- 100 
JUNCTION TEMPERATURE (Tp-degC JUNCTION TEMPERATURE (Tj)-degC 
FIGURE 9. TYPICAL NORMALIZED GATE THRESHOLD VOLTAGE FIGURE 10. DRAINSOURCE BREAKDOWN VOLTAGE vs TEM- 
PERATURE 
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LOGIC LEVEL 
POWER MOSFETs 


RFD16NO5L, RFD16NO5LSM 


Vgs=0V FREQUENCY %1MHz 


RL = 3.1259 
Ig (REF) = 0.60 mA 


CAPACITANCE (C)-pf 
Vps— VOLTS 
Vos— VOLTS 


39 GIRE 3 1a fREF) n 
DRAIN-TO-SOURCE VOLTAGE (Vpg) - V each TIME —MICROSECONDS ©"'1g (ACT) 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE-CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260. 


GATE CURRENT 


SWITCHING WAVEFORMS SWITCHING TEST CIRCUIT 


FIGURE 13. RESISTIVE SWITCHING 


VARY t, TO OBTAIN DUT, 
REQUIRED PEAK I, 


Ves = 5V 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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RFD16NO05L, RFD16NO5LSM 


Spice Model (RFD16NO5L) 


SSUBCKT RFDI6NO5L 2 1 3; rev 04/08/92 

*Nominal Temperature = 25°C 

.MODEL MOSMOD NMOS (VTO=2.054 KP=24.73 IS=le-30 N=10 TOS=1 L=1u We=1u) 
Vto 21 6 0.448 

Rsource 8 7 RDSMOD 0.614E-3 

Rdrain 5 16 RDSMOD 27.38E-3 

.MODEL RDSMOD RES (TC1=3.66E-3 TC2=1.46E-5) 

-MODEL RVTOMOD RES (TC1=-1.81E3 TC2=1.41E-6) 

MODEL RVTOMOD2 RES (TC1=0 TC2=0) 

Ebreak11 7 17 18 70.9 

.MODEL RBKMOD RES (TC1=1.01E-3 TC2=5.21E-8) 

-MODEL DBKMOD D (RS=8.82E-2 TRS1=-2.01E-3 TRS2=7.32E-10) 

MODEL DBDMOD D (IS=1.34E-13  RS=1.21E-2 TRS1=1.64E-3 TRS2=2.59E-6 +CJO=1.13E-9 TT=4.14E-8) 
Cin 6 8 1.21E-9 

Ca 12 8 3.33E-9 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.25 VOFF=-2.25) 
.MODEL S1BMOD VSWITCH (RON=1te-5 ROFF=0.1 VON=-2.25 VOFF=-4.25) 
-.MODEL DPLCAPMOD D (CJO=5.22E-10 1S=1e-30 N=10) 

Cb 12 14 3.11E-9 

MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-0.65 VOFF=4.35) 
-MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.35 VOFF=-0.65) 
Rgate 9 20 2.98 
Lgate 1 9 1.38E-9 

Ldrain 2 5 1.0E-12 

Lsource 3 7 1.0E-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dpicap 10 5 DPLCAPMOD 

Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 

It 8 17 1 

MOS1 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sia 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

.ENDS 


LOGIC LEVEL 
POWER MOSFETs 
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@ HARRIS 


RFP1/7NO6GL 


N-Channel Logic Level Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
© 17A, 60V TO-220AB 


TOP VIEW 

* TDS(ON) = 0.1002 
e Design Optimized for 5V Gate Drives DRAIN al 
(FLANGE) ——— 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits L [——— DRAIN 


e Compatible with Automotive Drive Requirements 
e SOA is Power-Dissipation Limited 
e Nanoscecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


¢ Majority Carrier Device ; Terminal Diagram 
Description N-CHANNEL ENHANCEMENT MODE 
The RFP17NO6L is an N-Channel enhancement mode silicon- D 


gate power field effect transistor designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers and drivers for high power bipolar transistors 
requiring high speed and.low gate drive power. This type can: 
be operated directly from integrated circuits. This performance 
is accomplished through a special gate oxide design which 
provides full rated conductance at gate biases in the 3V - 5V 
range, thereby facilitating true on-off power control directly 
from logic circuit supply voltages. 


The RFP17NO6L is supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


: UNITS 

Drain= Source VOWOGe is eoss 25 cae caw ete atas ews SARE See wt ease ee sa ec setae pee Sarees Vps 60 Vv 
Drain-Gate Voltage (RGS = 1M) 0... ccc cece cece eect eee e eee ee eee eeeeeeseeteteeeennes VDGR 60 oy 
Continuous Drain Current 

RMS Continuous ovvsa weiace es ca cated sales We Seen Did eier eae Wee wwe WA Seeeasuaos eds Ip 17 A 

Pulsed DraliGCurrents scsi<tcideraatwas dct iitmed Senne ean neeresew iad gennieced cas aentewes IDM 50 A 
Gate-Source Voltage ........ seus seihasarera aA eiliatatedia Ou 0h tect ha ceer UNG a Aly RG AMA atnaase ears Ves +10 V 
Maximum Power Dissipation . 

WS eS O ei dasin db ols bie nda de Shae eae eadeNs ees Beh en cea Meee edad Sedeeest eases ees Pp 60 WwW 

Above To = +250C, Derate Linearly ........ccsccccccccceccccccecceesccsecesescesesersseees 0.48 W/9C 
Operating and Storage Junction Temperature Range..........cceccncceccanceccecese as VS TsTG -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic Glecharge: Proper 1.C. handling precedvies should be followed. File Number 997 9.1 


ait © Harris Corporation 1991 
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Specifications RFP17NO6L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVoss lo = 1.0MA, Ves = OV 
Gate Threshold Voltage Ves(th) Ves = Vos, lb = 1.0 mA 1 


Vos = 48V, Ves =OV 


LIMITS 


Cc 


NITS 


y 
Zero Gate Voltage Drain Current loss To = 150°C 

Gate-Source Leakage Current loess Ves = +10 V 100 nA 
On Resistance Ip = 8.5A, Ves = 4.0 V 0.150 


0.100 
0.130 


lp = 8.5 A, Ves =50V 
Ip = 17.0 A, Ves =50V 


Forward Transconductance Ors lp = 8.5 A, Vos = 5.0 V 
Turn-On Delay Time Ta(on) Voo = 30 V, lb =8.5A sar mee 
Reen = 12.5 ohms =e ee ee 
Tr 


1) 
© 


oe) 


Turn-Off Delay Time Taloff) Res = 12.5 ohms a ee 
Fall Time Ves = +5 V aa ae 
45 
25 
2.0 


Total Gate Charge Q,(total lpn = 8.5 A, Von = 30 V 
Ves = 10 V, Ri = 3.5 ohms Pes 


| —= 
Gate Charge at 5 volts Q(5)| Vos =5V 
Threshold Gate Charge Q (th) |  Vos=tV | 


Thermal Resistance Junction to Case R@ic 


Thermal Resistance Junction to Ambient 


°C/W 


a ae 
poe 20 
Le 80 


Réua 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


, LIMITS 
CHARACTERISTIC TEST CONDITIONS MAX. _ | UNITS 


Forward Voltage Vso Isp =17 A ee ee ee 
Reverse Recovery Time tr lp = 17A, dle/dt = 100 A/us 115 (typ) 


CASE TEMPERATURE (TC)=25degC 
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DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


SOARFPI7NO6LCFE 


Fig. 1 - Maximum safe operating areas for all types. 
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LOGIC LEVEL 
POWER MOSFETs 


POWER DISSIPATION (PT)-W 


RFP17NO6L 


150 


CASE TEMPERATURE (TC)-degC 
POWRFPI7NO6LCF6 


Fig. 2 - Power dissipation vs. case temperature derating curve for 


NORMALIZED DRAIN- TO-SOURCE 
ON RESISTANCE 


all types. 


-50 0 50 100 150 
JUNCTION TEMPERATURE (T,)—°C 
92CS-38146 


Fig. 4 - Normalized drain-to-source on resistance vs. junction 


Vps — VOLTS 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


temperature for all types. 


RL = 3.53 2 
Ig (REF) = 0.50 mA 
Ves =sV 


0.75 Vpss 


Ves — VOLTS 


9 IGIREF) 
0 g(ACT) TIME—MICROSECONDS 


Ig (REF) 
Ig (ACT) 
92GS-44166 


Refer to Harris application notes AN7254 and AN-7260. 


NORMALIZED GATE THRESHOLD VOLTAGE [Vgz (th)] 
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JUNCTION TEMPERATURE (T))— °C 
92CS-38145 


Fig. 3 - Typical normalized gate threshold voltage as a function 
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ON-STATE DRAIN CURRENT [Id(on)) - A 


DRAIN CURRENT (Id)-AMPS 


et | | 


of junction temperature for all types. 


Vds=10V 


GATE-TO-SOURCE VOLTAGE (vgs)-V 
VGSRFPTTNOGLCF6 


Fig. 5 - Typical transfer characteristics for all types. 


PULSE DURATION=250us DUTY CYCLE<2% Tc=25degC 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 8 - Typical drain-to-source on resistance as a function drain Fig. 9 - Capacitance as a function of drain-to-source voltage for 
current for all types. all types. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 
current for all types. 
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HARRIS 


uD 


RFP2SNO5L 


N-Channei Logic Level Enhancement-Mode 


June 1992 Power Field-Effect Transistor (MegaFETs) 
Features Package 
e 25A, 50V TO-220AB 
TOP VIEW 
* TDS(ON) = 0.0470. P a 
¢ UIS SOA Rating Curve (Single Pulse) LANGE: {===> SOURCE 
> DRAIN . 
¢ Design Optimized for 5V Gate Drives | ==> GATE 


e Can be Driven Directly from CMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

© SOA is Power-Dissipation Limited 

¢ Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Terminal Diagram | 
- N-CHANNEL ENHANCEMENT MODE 


© Operating Temperature ...........ccccecccees +150°C D 
Description 
The RFP25NO5L is an N-Channel logic level power MOSFETs 
are manufactured using the MegaFET process. This process, 
which uses feature sizes approaching those of LSI integrated G 
circuits gives optimum utilization of silicon, resulting in out- 
standing performance. The RFP25NO5L was designed for use 
with logic level (5V) driving sources in applications such as 
programmable controllers, automotive switching, switching Ss 
regulators, switching converters, motor relay drivers and emit- 
ter switches for bipolar transistors. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conductance at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 
The RFP25NO5L is supplied in the JEDEC TO-220AB plastic 
package. 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
UNITS 
Drain-Source VONag6 005 ess ss oe san ea aaaw ee wens ec cee Siete bate w aaa Vos 50 V 
Drain-Gate Voltage (RGS = 1M) ...... cece ence ene w eter eneeeteeseeeneeeeenes VpDGR 50 V 
Continuous Drain Current 
RMS ContinUOus: cic cic ta teats da ceeae a anes ihe Be eae sane me eee eee yy Ip 25 A 
Pulsed Drain Curent sis ices svcenee vias ie VaG ss akaussaeen de veneers da eeweneae an IDM 65 A 
Single Pulse Avalanche Energy Rating Refer to UIS SOA Curve* 
Gate=Source Voltage oi iccas ccc aces nea dine twee decewereaw awn nee one wikle ds ace VGs +10 V 
Maximum Power Dissipation 
TGS F506 acct reece teed odes eects Ue peas ea teed ee eaue ao anaes Pp 60 Ww 
Above To = +259C, Derate Linearly ........cccc cece ccccccer sre secesesneseneetens 0.48 W/9G 
Operating and Storage Junction Temperature Range.........ec cece ecccceveces Ty, TSTG ~55 to +150 oC 
* See Figures 13, 14 and 15 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2270.1 


Copyright © Harris Corporation 1992 
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Specifications RFP25NO5L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified: 


Turn-Off Energy Loss per Cycle 


Thermal Resistance, Junction-to-Case 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVopss Ip = 0.25 mA, Ves = 0 V 
Gate Threshold Voltage Ves(th) Vas = Vos, lp = 0.25 mA 


Zero Gate Voltage Drain Current loss 


Gate-Source Leakage Current less 


Static Drain-Source On Resistance ps(On) 


Ves=0-10V 


Vos = 40 V, Ves =O V 
Tc = 150°C 
Ves = £10 V, Vos =O V 
Ip =25A, Ves =5 V 
Ip =25A, Ves =4V 


Vop = 25 V, lp =12.5A 
Ig1 = Ilg2 = 1 A 


Ves (Clamp) + 5 V,-0.6 V 
Ri =2Q 


Vop = 40 V 
lp =25A 
Ves = 0-1 V Ri = 1.62 

Ip = 25 A, Vos = 15 V 

Voo = 25 V, lp = 12.5 A, Ri=2 

L=0.2 WH, lo =le2=1A 
Ves (clamp) + 5 V, -0.6 V 


Réuc 


Thermal Resistance, Junction-to-Ambient Roan| ss 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 


CHARACTERISTIC | 


TEST CONDITIONS 


Diode Forward Voltage _ Vsp Isp = 25A 


Reverse Recovery Time tre 


dt AX CONAOU 


% 


VAR iiill 


(ae EO 


A 
i 


all; 


DRAIN CURRENTIId)—A 


Fig. 1 - Safe operating area curve. (Curves must be derated 


f 


lp = 25 A, dlr/d: = 100 A/us 


CASE TEMPERATURE (TC)=25degC 


DRAIN CURRENT (id)-A 


linearly with increase in temperature.) 
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LIMITS 


1 


100 
0.047 
0.056 


15 (typ.) 
35 (typ.) 
40 (typ.) 
14 (typ.) 
100 


.o) > nn 


LIMITS 


| MIN. | MAX. 
eee ee 
ae 


LOGIC LEVEL 
POWER MOSFETs 


CASE TEMPERATURE (Tc}-degC 


Fig. 2 - Maximum continuous drain current vs. temperature. 


RFP25NO5L 


POWER DISSIPATION MULTIPLIER 
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CASE TEMPERATURE (TC}-degC E 
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Fig. 3 - Normalized power dissipation vs. temperature 
derating curve. | Fig. 4 - Typical saturation characteristics. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


Vgs=Vds id=250uA 


NORMALIZED Rds(on) 
NORMALIZED GATE THRESHOLD VOLTAGE 
(Vgstth)) 


JUNCTION TEMPERATURE (Tj)-degC JUNCTION TEMPERATURE (T)}-degC 
RDSGEP25NO5LCF6 ; GTHGEP25NOSLCF6 


Fig. 7 - Normalized ras(on) vs. junction temperature. __ Fig. 8 - Typical normalized gate threshold voltage. 
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NORMALIZED DRAIN-TO-SOURCE 


RFP25NO5L 
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Fig. 9 - Drain source breakdown voltage vs. temperature. Fig. 10 - Typical capacitance vs. voltage 


Rp = 20 
Iq (REF) = 0.60 mA 
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Fig. 11 - Normalized switching waveforms for constant gate-current 
(Refer to Harris application notes AN-7254 and AN-7260) 
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GATE CURRENT 


5V 


SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 
92CS-42922 


Fig. 12 - Resistive switching. 
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Fig. 14 - Unclamped energy waveforms. 
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Fig. 13 - Unclamped energy test circuit. 
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Fig. 15 - Unclamped-inductive-Switching SOA 
(Single Pulse UIS SOA) 


FARRIS 


rt 


RFP25NO6L 


N-Channel Logic Level Enhancement-Mode 


August 1991 


Features 

e 25A, 60V 

* YDS(ON) = 0.0852 

e Design Optimized for 5V Gate Drives 

© Can be Driven Directly from QMOS, NMOS, TTL Circuits 
© Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFP25NO6L is an N-Channel enhancement-mode sili- 
con-gate power field-effect transistor specifically designed for 
use with logic level (5V) driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 


The RFP25NO6L is supplied in the JEDEC TO-220AB plastic 
package. 


Because of space limitations branding (marking) on type 
RFP25NO6L is F25NO6L. 


Power Field-Effect Transistor (L2FET) 


Package 
TO-220AB 
TOP VIEW 
DRAIN = =g 
Seer 
(FLANGE) SOURCE 


Ezy 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (RGs = 1M) 
Continuous Drain Current 
RMS Continuous 
RMS Continuous @ Tc = +859C 
Pulsed Drain Current 
Gate-Source Voltage 
Maximum Power Dissipation 
To = +25°C 
Above Tc = +259C Derate Linearly 
Operating and Storage Junction Temperature Range 


eeeveereereeseseeereew ee eee ne seeeneeswe eee eeesneoeene 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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UNITS 
Rashid ese KWaedawus eK Vbs 60 V 
diss ean bias wee eaten oe VDGR 60 V 
iiiiswla tame aavcteea mete es awe ae Ip 25 A 
ee eee ee eee 18 A 
eee eat a ee Per IDM 60 A 
iV ET tat asa we eeerene se Vas £10 V 
Gidea fo math cee oetaheid coe wnae arse’ Pp 75 W 
Peer eee re ere ee 0.6 W/°G 
ee re re Ty, TSTG -55to+150 °C 
File Number 2044.1 
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Specifications RFP25NO6L 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


umes 


CHARACTERISTICS TEST CONDITIONS | RFP2SNOGL UNITS 


Drain-Source Breakdown lIDb=1mA 
Gate Threshold Voltage Vesitn) Ves = = Vos 


Zero Gate Voltage Drain Vos = 40 V 
Vos = 50 V 


Current 


Gate-Source Leakage Ves = 10 V 
Current Ioss Vos = 0 —{={* 
Drain-Source On Voltage Voston® IDp=12.5A 
IDb=25A 
Static Drain-Source roston® lb=12.5A 
On Resistance | ~ Ves=5V CIE 
Forward Transconductance Ots# Vos = 5 V 


Input Capacitance — Ciss 


Output Capacitance | Coss | = | 800 | 
Reverse Transfer Ciss 


Capacitance 


eye) | 0 

[20 ye) [225 

[28 (ye) [205 
Fall Time tr 


Thermal Resistance Junction-to-Case Rac RFP25NO06L | | — | 167 | ecw | 


4Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 
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RFP25NO6L 


CASE TEMPERATURE (T,) = 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 


SeeNMME Pernt rrr 


25 °C 


= fc] OPERATION IN +P 
L—1 THIS AREA IS +++ 
LIMITED BY 


DRAIN CURRENT (Ip) — A 


——+}—} 8 
6-—— -} 1 Titi Si Gees ee +--+ HHH 
EE GS A tO ao HHT 


Vigg (MAX) = 60 V RFP25NO6L, TT ee 


4 4 


1 10 * 100 * 1000 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


92GS-44238 


Fig. 1 - Maximum operating areas for all types. 
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92CS- 42990 
Fig. 2 - Power dissipation vs. case temperature derating curve for Fig. 3 - Maximum continuous drain current vs. case temperature. 
all types. 
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NORMALIZED GATE THRESHOLD VOLTAGE 
9° 
on 


NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 
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SRReeReeeeee 
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Fig. 4 - Typical normalized gate threshold voltage as a function of Fig. 5 - Normalized drain-to-source on resistance to junction 
junction temperature for all types. temperature for all types. 
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RFP25NO6L 


Vos? 10V 
24| PULSE TEST 
PULSE DURATION= 80 pS 


PULSE TEST 
PULSE DURATION = 80 4S 


DUTY CYCLE < 2% t _ DUTY CYCLE <2% 


ete 


ON-STATE DRAIN CURRENT [Ip(on)] — A 
DRAIN CURRENT (Ip)—A 


6 8 
GATE-TO-SOURCE VOLTAGE (Vgs) —V DRAIN - TO-SOURCE VOLTAGE (Vps)—V 
92CS-42992 92CS-42993 
Fig. 6 - Typical transfer characteristics for all types. Fig. 7 - Typical output characteristics for all types. 


ULSE TEST 

ULSE DURATION =80 nS 

UTY CYCLE <2% 

ASE TEMPERATURE (Tc) = 25 °C 


Vos =+5 V PULSE TEST 


0.12] PULSE DURATION = 80 pS 
DUTY CYCLE < 2% 


[ Tops (on )]—ohm 


DRAIN CURRENT (Ip)—A 
DRAIN -TO-SOURCE ON RESISTANCE 


0 J 2 3 4 5 6 7 i¢) 4 8 12 I6 20 24 28 
DRAIN~TO-SOURCE VOLTAGE (Vps) —V DRAIN CURRENT(Ip)—A 
92¢8-42994 eenn aoe 
Fig. 8 - Typical saturation characteristics for all types. Fig. 9 - Typical drain-to-source on resistance as a function of 


drain current for all types. 
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Fig. 10 - Typical capacitance vs. voltage. Fig. 11 - Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 


RFP25NO6L 


RL = 2.40 
Ig (REF) =0.5 mA 
Ves=5V 


GATE SOURCE VOLTAGE 


Vps - VOLTS 
Ves — VOLTS 


Ig (REF) ig (REF) 


Ig (ACT) Ig (ACT) 
TIME - MICROSECONDS 


12 - Normalized switching waveforms for constant gate- 


current. Refer to Harris application notes AN7254 and 
AN-7260. 
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LOGIC LEVEL 
POWER MOSFETs 


i HARRIS 


_RFP5ONO5L 
RFGSONOSL 


N-Channel Logic Level Enhancement-Mode 


May 1992 


Features 

e UIS SOA Rating Curve (Single Pulse) 

¢ Design Optimized for 5V Gate Drive 

e Can be Driven Directly from CMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements 

¢ SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


Power Field-Effect Transistors (MegaFETs) 


Package 
RFPS5ONO5L 
TO-220AB 
TOP VIEW 
DRAIN el] 
eee SOURCE 


© High Input Impedance RFGSONOSL 

TO-247 
e Majority Carrier Device TOP VIEW 
Description vas) |) ———————> SOURCE 
The RFP50NO5L and RFGSONOSL N-channel logic-level pow- Li» Oo DRAIN 
er MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of o™ > GATE 


LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed for 
use with logic-level (5V) driving sources in applications such 
as programmable controllers, automotive switching, switching. 
regulators, switching converters, motor relay drivers, and emit- 
ter switches for bipolar transistors. This performance is accom- 
plished through a special gate oxide design which provides full 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


rated conductance at gate bias in the 3V - 5V range, thereby rm 
facilitating true on-off power control directly from integrated 
circuit supply voltages. 
The RFPSONOSL is supplied in the JEDEC TO-220AB plastic 
package and the RFGSONOSL is supplied in the TO-247 plas- G 
tic package. 
Ss 
Maximum Ratings, Absolute-Maximum Values (TG = +25°C) 
UNITS 

Dialh=SoOuree VONGGE:ciisavl ee teeeei sd totetilisl temtoieteunderenatemmuanuMed dno Vos 50 | V 
Drain=Gate Vollage(RGS = IMD) sevens aie sct cau te es cuisda ee ee eee eee esas ieee eo uies VDGR_ 50 V 
Continuous Drain Current 

RIMS ContinuouS::36<cexrsintionhawdeideitie wiaeGaaiuaee ieee e ea eetewaa anew t ius seaweeds Ip 50 A 

PUIséd Drain Currencies des cou isis ais Sucteis sa ndssaeudes eb eavei keine ee edaneawens IDM 130 A 
Single Pulse Avalance Rating, Refer to UIS SOA Curve . 
Gate-Source VOtage 25 sekowe cep penne eens eetetseen KOS RS ed CES CES e REE CES Det eRn sey Ves +10 V 
Maximum Power Dissipation 

TGS 25 7S: Vance wre Rais dv ee eG RG ean eneeet Maes toed ames ieee sete eee ee bie Se teases Pp 110 W 

Above TG =+25°C, Derate Lineanly: asics essere ac. cswicn's beech b need sind ew eee se olane se tamcaaiees 0.88 W/°CG 
Operating and Storage Junction Temperature Range. ...... ccs csccc ccc cecccsvccccvceces Ty» TSTG -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFP5ONO5L, RFG5ONOS5L 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | oMIN: | MAX. | UNITS 


Drain-Source Breakdown Voltage BVDSS ID =0.25mA, VGS =OV | 50 | - | 
Gate Threshold Voltage VGS(th) VGS = VDS, ID = 0.25 mA 


VDS = 40V, VGS = OV 1 


Gate-Source | Gate-Source Leakage Current = Current VGS = +10V, VDS = OV }vGs=tov,vos=ov | - | 100 | m | 


aier Bare 
Turn-On |Tun-OnTime sd | = | 00 

Turn-Off Time Oo t(off) - 100 
[Pisteuvotege ———SSS~*dtCatosy |= soAVOS=tev Yd) 


VDD = 25 V, ID = 25A,RL=10 
150 pJ 


L=0.2 pH,Ig1 =Ig2=2A 
VGS (clamp): +5 V, -0.6 V 
Thermal Resistance, Junction to Ambient ROJA res ae 


Turn-Off Energy Loss per Cycle 


LOGIC LEVEL 
POWER MOSFETs 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTICS TEST CONDITIONS | omIN | MAX. | UNITS 
Diode Forward Voltage VSD ISD =50A a a 
Reverse Recovery Time trr ISD = 50 A, dISD/dt = 100 A/is a ae ee 


CASE TEMPERATURE (Tc)=265. degC 


100.0 —_————— Err rr) 
EE ORS Geers SE? eet OSE OS A) eS SEES GE EE ES ETA 8S OE Cs GS es eS Ee 
Seen eee aaea 
. an a oe 
a apo {Ltt a 
~ 10.06 =—..2 a : aaa 
is Ho Bal ET ay 
‘— aun = POoned 
- nae i DNR! : oDdeg 
=z 22 bt Ee ee =a ee ee 
i | | | CoS Sa Se EE 
E : PBR aie 
= Ae - T—TrPs ee 
a eee Set sae 
om 7D Et 66 Ge ee ees 
c 2 @ eee es ee 
20 8 ee ees ee ae 
a FA Baill on 
7 anilian Bis 
| 100 : .00 
DRAIN-TO-SOURCE ve tee (Vde) - VOLTS TIME IN AVAL ANGHE (tav) - MILLISECONDS 
Figure 1 - Safe operating area curve. Figure 2 - Unclamped-inductive-switching safe-operating-area 
(Curves must be derated linearly with increase in temperature.) (single pulse UIS SOA). See Figure 14 for test circuit. 
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RFPS5SONOSL, RFGSONOSL 
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Figure 3 - Maximum continuous drain current vs. temperature. Figure 4 - Normalized power dissipation vs temperature derating curve. 


PULSE DURATION=2650us Tc=26degC Vde=16V 


DRAIN CURRENT (Id) - AMPS 
8 


ON-STATE DRAIN CURRENT (Id€on)] - AMPS 


0 0 
0.0 1.5 3.0 4.5 6.0 7.6 0.0 1.5 3.0 4.5 6.0 7.6 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS GATE-TO-SOURCE VOLTAGE (Vge) - VOLTS 


Figure § ~ Typical saturation characteristics. Figure 6 - Typical transfer characteristics. 


PULSE DURATION=250us Vgs-5V Id=50A PULSE DURATION=260ue Id=50A 
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Figure 7 - Normalized Rds(on) vs junction temperature. Figure 8 - Normalized Rds(on) vs Vgs. 
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RFP50ONO5L, RFG5ONO5L 
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Figure 13 - Resistive switching. 
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7 : SURFACE MOUNT 
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: 3 LEAD TO-220 
: 3LEADTO-247 
: 3LEAD TO-218 
: SLEAD TO-204 FALL TIME at Ty = +125°C 
_ TO-251/TO-252 : 100ns 
D-PACK : 200ns 
: TS-001 : 500ns 
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HARRIS IGBT PRODUCT OFFERINGS 


I CONTINUOUS 
OLD NEW Tc = +90°C | PEAK T FALL AT 
NUMBER NUMBER © (AMP) (AMP) Ty = +1259C PACKAGE 
400 VOLTS 


IGTD3N40 
IGTD3N40SM 


IGTD5N40 
IGTDSN40SM 


IGTP10N40 
IGTP10N40A 


IGTH1ON40 
IGTM10N40 


IGTH1ON40A 
IGTM10N40A 


IGTP20N40 
IGTP2ON40A 


IGTH20N40 
IGTM20N40 


IGTH2ON40A 
IGTM20N40A 


500V 


HGTD6N40E1 
HGTD6N40E1S 


HGTD1ON40F1 
HGTD1ON40F1S 


HGTP10N40E1 
HGTP10N40C1 


HGTH12N40E1 
HGTM12N40E1 


HGTH12N40C1 
HGTM12N4001 


HGTP15N40E1 
HGTP15N40C1 


HGTH2O0N40E1 
HGTM20N40E1 


HGTH20N40C1 
HGTM20N40C1 


D Pack 
D Pack Surface Mount 


D Pack 
D Pack Surface Mount 
TO-220 
TO-220 
TO-218 
TO-204 
TO-218 
TO-204 
TO-220 
TO-220 
TO-218 
TO-204 
TO-218 
TO-204 


IGTD3N50 
IGTDSNS50SM 


IGTDSN50 
IGTDS5N50SM 
IGTP10N50 
IGTP10N50A 


IGTH10N50 
IGTM10N50 


IGTP20N50 
IGTP2ON50A 


IGTH20N50 
IGTM20N50 


IGTH2ON50A 
IGTM20N50A 


600V 


HGTD6N50E1 
HGTD6N50E1S 


HGTD10ON50F1 
HGTD1ON50F1S 
HGTP10N50E1 
HGTP10N50C1 


HGTH12N50E1 
HGTM12N50E1 


HGTP15N50E1 
HGTP15N50C1 


HGTH20N50E1 
HGTM20N50E1 
HGTH20N50C1 
HGTM20N50C1 


D Pack 
D Pack Surface Mount 


D Pack 
D Pack Surface Mount 


IGT6D10, 11, £10, 11 HGTM12N60D1 
IGT4D10, 11, E10, 11 HGTP12N60D1 


GSI510/IGT5E10CS HGTB12N60D1C TO-220 I Sense 
IGT8D20, 21, E20, 21 HGTG24N60D1 TO-247 

IGT6D20, 21, E20, 21 HGTM24N60D1 _ | TO-204 
GSI525/IGT7E20CS HGTA24N60D1C TO-2181 Sense 
NEW HGTA3S2N60E2 TO-218 5 Lead 
NEW HGTG32N60E2 TO-247 

NEW HGTM32N60E2 TO-204 

1000V 

NEW HGTG20N100D2 20 100 

NEW HGTM20N100D2 20 100 

NEW HGTG34N100E2 34 200 

NEW HGTM34N100E2 34 200 

400V “IGBT PLUS DIODE COMBINATIONS” 

NEW HGTP6N40E1D 6 7.5 TO-220 With Diode 
NEW HGTP10N40F1D 10 12 TO-220 With Diode 
IGTP10N40D HGTP10N40E1D 10 17.5 TO-220 With Diode 
IGTP10N40AD HGTP10N40C1D 10 17.5 TO-220 With Diode 
500V “IGBT PLUS DIODE COMBINATIONS” 

NEW HGTP6N50E1D 6 7.5 TO-220 With Diode 
NEW HGTP10ON50F1D 10 12 TO-220 With Diode 
IGTP10N50D HGTP10N50E1D 10 17.5 TO-220 With Diode 
IGTP10N50AD HGTP10N50C1D 10 17.5 TO-220 With Diode 
NEW HGTG20N50C01D 20 35 TO-247 With Diode 


600V “IGBT PLUS DIODE COMBINATIONS” 


NEW HGTG12N60D1D 12 48 600ns TO-247 With Diode 
» NEW HGTG24N60D1D 24 96 600ns TO-247 With Diode 
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Features 

e 5A, 400V and 500V 

° VCE(ON): 2V 

¢ Tr: Tus, 0.5us 

¢ Low On-State Voltage 
e Fast Switching Speeds 
¢ High Input Impedance 


Applications 


* Power Supplies 
e Motor Drives 
e Protection Circuits 


Description 


The 2N6975, 2N6976, 2N6977 and the 2N6978 are n-channel 
enhancement-mode insulated gate bipolar transistors (IGBTs) designed 
low on-dissipation applications such as switching 
regulators and motor drivers. These types can be operated directly from 
low-power integrated circuits. 


for high-voltage, 


N6 6978 


N-Channel esietonlies Mode 
Insulated Gate Bipolar Transistors (IGBTs) 


Package 


JEDEC TO-204AA 
BOTTOM VIEW 


COLLECTOR 


i (FLANGE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
C 


These types are supplied in the JEDEC TO-204AA steel package. 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified. 


2N6975/2N6977 2N6976/2N6978 UNITS 
Collector-Emitter Voltagexcsiucnciuyacdewener ser ekwieyraesue Rese ote4 VCES 400* 500* V 
Collector-Gate Voltage (RGE = 1MQ)..... ccc eee e cece eee eee eneaee VCGR 400* 500* V 
Reverse Collector-Emitter Voltage ......... cece cece eee eeeeeeees VCES(rev.) 5* 5* V 
Gate-Emitter Voltage: .vsinw-teaceeu ne en st Pewee we eniees wu Waekva eae VGE +20* +20* V 
Collector Current Continuous 2. cic. deta eecnes Se aees tems esede cians ene Ic 5* 5* A 
Collector Current Pulses: -isccechued cacao wie te OU see ne she ade nek eee tees ICM 10* 10* A 
Power Dissipation Total @ TG = 259C. ccc ccc ee cence cc ccc venens Pp 100* 100* Ww 
Power Dissipation Derating Above TG = 259C.. kk cece ee cc eee ccc cent eee enee 0.8* 0.8* W/°C 
Operating and Storage Junction Temperature Range..........eeeees Ty TSTG ~55 to +150* -55 to +150* oC 


* JEDEC registered value. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 
4,587,713 4,598,461 
4,641,162 4,644,637 
4,794,432 4,801,986 
4,860,080 4,883,767 
4,969,027 


Copyright © Harris Corporation 1991 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I1.C. handling procedures should be followed. 


4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 

File Number 2297 
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Specifications 2N6975, 2N6976, 2N6977, 2N6978 
ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


TEST 2N6976 


CHARACTERISTICS SYMBOL CONDITIONS ‘3 


Collector-Emitter 
Breakdown Voltage Vee = 0 
Voe = Vee 
Ic =1mA 
Vce = 400 V 
Zero-Gate Voltage Collector Vee = 500 V 
Current To = 125°C 


Vce = 400 V 
Vce = 500 V 


Gate-Emitter Leakage Vee = t20 V 
Current Vce = 0 


* 


2 


Reverse Collector-Emitter Ree =00 
Leakage Current Vec=5V 


Collector-Emitter 
On Voltage 


Gate-Emitter Plateau Ilc=5A 3.4 
Voltage Vce = 10V , 
On-State Gate Ic=5A 42 

Charge Vce = 10 V 
Turn-On Delay Time Ilc=5A 


Turn-Off Delay Time L = 50 yH 


Fall Time th Tj =125°C © ; 
Ver ~40V 1000 max 
| Re = 500 500 max * 


Turn-Off Ic=5A 
Energy Loss Veep) = 300 V_| 2N6975 
per Cycle L = 50 wH 2N6977 
(off switching dissipation Ty = 125°C 
= Eon X frequency) Vee=10V 2N6976 
Re = 502 2N6978 


1000 max* 


500 max* 


Thermal Resistance 
Junction-to-Case 


NORMALIZED GATE THREHOLD VOLTAGE 
('VGE(TH)} 
EFFECTIVE TRANSIENT THERMAL 
IMPEDANCE(NORMALIZED)— r(t) 


JUNCTION TEMPERATURE (Tj)—degC TIME(ms) . 
. , GTHRCM10NS50AM1 TRRCM10ONSOAM1 


Fig. 1 - Typical normalized gate threshold voltage as a function of Fig. 2 - Normalized thermal response characteristics for all types. 
junction temperature for all types. 


2N6975, 2N6976, 2N6977, 2N6978 
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u PULSE TEST 
Zz PULSE DURATION = 80s 
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Fig. 3 - Typical transfer characteristics for all types. Fig. 4 - Typical saturation characteristics for all types. 
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Fig. 5 - Typical collector-to-emitter on-voltage as a function of Fig. 6 - Capacitance as a function of collector-to-emitter voltage fo 2 = 
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Fig. 7 - Inductive switching test circuit. Fig. 8 - Typical inductive switching waveforms. 


2N6975, 2N6976, 2N6977, 2N6978 
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Fig. 9 - Maximum operating frequency vs collector current (typical). Fig. 10 - Normalized switching waveforms at constant gate current. 


(Refer to Harris application notes AN-7254 and AN-7260.) 


HGTD6N40E1/E1S 
HGTD6N50E1/E1S 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 


i? HARRIS 


August 1991 


Features Package 

© 6 Amp, 400 and 500 Volt HGTD6N40E1, HGTD6N50E1 
TO-251AA 

¢ VCE(ON): 2.5V Max. TOP VIEW 


° Trail: 1s 
e Low On-State Voltage 
¢ Fast Switching Speeds 


COLLECTOR ee 
TAB COLLECTOR 
GATE 


© High Input Impedance 


HGTD6N40E1S, HGTD6N50E1S 
TO-252AA 
TOP VIEW 


eee EMITTER 
mae tee COLLECTOR 
GATE 


Terminal Diagram 


Applications 


e Power Supplies 
e Viotor Drives 
e Protective Circuits 


Description 


The HGTD6EN40E1, HGTD6N40E1S, HGTD6N50E1, and HGTD6N50E1S 
are n-channel enhancement-mode insulated gate bipolar transistors 
(IGBTs) designed for high voltage, low on-dissipation applications such as 
switching regulators and motor drivers. These types can be operated 
directly from low power integrated circuits. The HGTD6N40E1 and the C 
HGTD6NS50E1 are supplied in the JEDEC TO-251AA plastic package. The 

HGTD6N40E1S and the HGTD6N50E1S are supplied in the JEDEC 

TO-252AA surface-mount plastic package. 


N-CHANNEL ENHANCEMENT MODE 


cc 
G re 2 
-—- ~ 
cc. — 
on 
a= 
Lu ee 
E - 
Sx 
a a 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified | => 
HGTD6N40E1 HGTD6N50E1 7) 
HGTD6N40E1S HGTD6N50E1S UNITS 
Collector-Emitter Voltage ois cca sins ec esa o'  9oe wb Se sie ¢ sles eds nie bole 'n wes VCES 400 500 V 
Collector-Gate Voltage RGF = 1M... cece cece eee eee eeees VCGR 400 500 V 
Gate Emitter Voltage a65.cs eet bine pie ce es eee nneee et o4 see ceeeead es VGE +20 +20 V 
Collector Current Continuous 
Gt TG S259G: tecinten pore wansaeekwkdeewa tek et eetnadseauew eee ee Ic25 75 7.5 A 
BLT GH 909 «x ctiathiscaetuntsa nwa cealiaa sehen aaah ae nadeala ws Ic90 6 6 A 
Power Dissipation Total @ TG = 2590C.... cece e cece cece ee ee eens Pp 60 60 W 
Power Dissipation Derating TG = 2590... cece cece cece ee eee eee eeens 0.48 0.48 W/°C 
Operating and Storage Junction Temperature Range...........es06. Ty, ISTG -55 to +150 -55 to +150 oC 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,71 7,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 241 3.1 


Copyright © Harris Corporation 1991 
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HGTD6N40E1, HGTD6N40E1S HGTD6N50E7, HGTD6NS50E1S 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) Unless Otherwise Specified 
LIMITS 


TEST HGTD6N40E1 HGTD6NS50E1 
CHARACTERISTIC CONDITIONS HGTD6N40E1S | HGTDG6N50E1S | UNITS 


Ty = 150°C 
Vce = 400 V 
Vee = 500 V 


Vee = £20 V 
Vee =0 
Collector-Emitter On-Voltage 


-Gate-Emitter Plateau Voltage 65 (typ) 
On-State Gate Charge Qeion) Ilc=3A 
) 


Turn-On Delay Time Resistive Load 90 (typ 
Rise Time Ic=3A 32 (typ) - 
Turn-Off Delay Time Ri = 133 O 24 (typ) 
Fall Time i Vce = 400 V 1100 (typ) 
Turn-Off Energy Loss per Cycle Ty = 150° C 

(off switching dissipation = Vee = 10V 0.29 (typ) 

Wot X frequency) 

Turn-Off Delay Time Inductive Load 


Fall Time | (see Fig. 6) 
Turn-Off Energy Loss per Cycle Il =3A 
(off switching dissipation = Veeicip) = 400 V 
Wor X frequency) 


HGTD6N40E1, HGTD6N40E1S HGTD6N50E7, HGTDE6NS50E7S 


PULSE DURATION=260uS, DUTY CYCLE <.62Z, Tc=26degC 


PULSE TES 
PULSE DURF 
DUTY CYCLE 


COLLECTOR-EMITTER CURRENT (ice) - A 


COLLECTOR-EMITTER CURRENT (Ice) - A 


2 4 6 8 
GATE-TO-EMITTER VOLTAGE (Vge) - V eae 2 4 8 8 
COLLECTOR-TO-EMITTER VOLTAGE (Vce) - V acrcnel 


Fig. 1 - Typical transfer characteristics. Fig. 2 - Typical saturation characteristics. 


TJ=150degC 


SATURATION VOLTAGE [Vce(sat)] - V 
DC COLLECTOR CURRENT (Ice) - A 


cc 
wi 
a2) 
25 60 75 ~ 100 126 150 a a 
COLLECTOR-EMITTER CURRENT (Ice) - A voEs08e4 CASE TEMPERATURE (Tc) - degC 1poeees a= 
ae 
Fig. 3 - Saturation voltage as a function of collector-emitter Fig. 4 - DC collector current as a function of case = < 
current. (Typical) temperature. ke Oo 
— 2. 
co 
RL 


FREQUENCY (f) = 1MHz 


1/Rg=1/Rgen+ 1/Rge 
| 


Rgen=502 


5 10 15 20 
COLLECTOR-TO EMITTER VOLTAGE (Vce) - V eons 


SONOS5LO6 


Fig. 5 - Capacitance as a function of collector-to-emitter Fig. 6 - Inductive switching test circuit. 
voltage. (Typical) 
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TURN-OFF DELAY CtdCoff)1] - uS 


TURN-OFF SWITCHING LOSS CWoff) - mJ 


HGTD6N40E1, HGTD6N40E71S 


Tj=150degC. Vge=15V, Rg=50ohms. Vce=400V, L=50uH 


FALL TIME C(tfl) - uS 


Fig. 7 - Turn-off delay as a function of collector-to-emitter 
current. (Typical) 


Tj=!50degl, Vge=!0V. Rg=25ohms, L=50uH 


0.0 


eet eee ae 

or oe ee a 
eS PER ae 
ee ee ee 


MAXIMUM OPERATING FREQUENCY (¢ fmax)-KHz 


0.1 


el eran 
Sc oi 
—ee TT 


COLLECTOR-EMITTER CURRENT CIce) - A 


q 
e 


Fig. 9 - Turn-off switching loss as a function of collector- 
emitter current. (Typical) 


GATE 
EMITTER 
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HGTD6N50E7, HGTD6N50E7S 


Tj=160degC. Vge={0V. Rg=25ohms. L=50uH 


el 
S| 


0.5 


COLLECTOR-EMITTER CURRENT (Ice) - A 


Fig. 8 - Fall time as a function of collector-to-emitter current. 
(Typical) 


TJ={50degC. Tco=!00degl. Vge=10V. Rg=25chms. Pt=60W, L=60uH 


~ 
—,- 
oceneninanentesieaetncanaaasnnamaanneeees eiaapeasenraenl 


PM eee et ae ee ke 
ET 
re est 
ars 
fmax = (Pd - Pc) / Woff 
——— 
ee ee ea 
oo kf 
| Pd: ALLOWABLE | 


Pd: ALLOWABLE |DISSIPATI 


Po: CONDUCTION |DISSIPATI 


COLLECTOR-EMITTER CURRENT (Ice) - A 


Fig. 10 - Maximum operating frequency as a function of 
collector current and voltage. (Typical) 


ao -— 
Ig(ACT) 


Fig. 11 - Normalized switching waveforms at constant gate 


current. 
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HGTP6N40E1D 
HGTP6N50E1D 


N-Channel Enhancement-Mode Insulated Gate 


at HARRIS 


May 1991 Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 
Features Package 
e 6 Amp, 400 and 500 Volt TO-220AB 
e Latch Free Operation TOE MEW 
e Typical Fall Time < 1.1ys— 
e High Input Impedance eerie es EMITTER 


——_—— COLLECTOR 
eee GATE 


e Low Conduction Loss 
e With Anti-Parallel Diode 
e trr < 60ns 


Description 


Tne iGBT is a MOS gatéd high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only 
moderately between 259C and 150°C. The diode used in parallel with the 
IGBT is an ultrafast (trp < 6Ons) with soft recovery characteristic. 


N-CHANNEL ENHANCEMENT MODE 


The IGBTs are ideal for many high voltage switching applications operating 
at frequencies where low conduction losses are essential, such as: AC 
and DC motor controls, power supplies and drivers for solenoids, relays 
and contactors. 


These devices are supplied in the JEDEC TO-220 package. 


oc 
=) 
Absolute Maximum Ratings (Tc = 259°C), Unless Otherwise Specified Fe DB 
ow w” 
=z 
HGTP6N40E1D HGTP6NSOE1D — UNITS i 
J 
Collector-Emitter Voltage.........cccescscascevecccuceceeroenevcnes BVCES 400 500 V =i = 
Collector-Gate Voltage RGE = IML... ee ccc eee nee eeee BVCGR 400 500 V ad = 
Collector Current Continuous — ou 
AY = 259C 4 sana dea yee ase ete ei yet er eeea eas Ic25 7.5 7.5 A = 
GUNG = 90°C cc 5ticaVnt. ua cited cesaaN sage ane wacweeeaennshowtes Ic90 6 6 A 
Collector Current Pulsed (Note 1) ....... cc ccc cece cece cece eee e ete ceees ICM 7.5 1D A 
Gate-Emitter Voltage ContinuOUS ........ cece cece eect cence een eteees VGES +20 +20 V 
Diode Forward Current 
AEROS 20°C eaatiiscce sina tasSeenbos es ena tee take Sune ewesabnes lfo5 10 10 A 
BCI G = S0C0 wtionss cenedies steeds tule testa Band sane li90 6 6 A 
Power Dissipation Total @ TG = 259C. .. ccc cece eee cee e ence eee eens Pp 75 75 W 
Power Dissipation Derating TG > 2590... eee ccc e ccc ee eee eee eee eenes 0.6 0.6 W/9C 
Operating and Storage Junction Temperature Range.............085 Ty, TSTG -55 to +150 -55 to +150 Te: 
Maximum Lead Temperature for Soldering .......... cece cece eee ec ceeees TL 260 260 oC 


Note 1. Ty = 150°C, Min. Reg = 252 w/o latch 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
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4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 279 5 


Specifications HGTP6N40E1D/HGTP6EN50E1D 


Electrical Characteristics At Case Temperature (Tc = 25°C), Unless Otherwise Specified 


CHARACTERISTIC 


Collector-Emitter Breakdown Voltage 
Gate Threshold Voltage 


Zero-Gate Voltage Collector Current 


Gate-Emitter Leakage Current 


Collector-Emitter On-Voltage 


Gate-Emitter Plateau Voltage 
On-State Gate Charge 


Turn-Off Energy Loss Per Cycle 
(Off Switching Dissipation = 
Woff x frequency) 


Turn-Off Delay Time 
Fall Time 


Turn-Off Energy Loss Per Cycle 
(Off Switching Dissipation = 
Woftf x frequency) 


Thermal Resistance Junction-to-Case 
(IGBT) 


Thermal Resistance of Diode 
Diode Forward Voltage 


Diode Reverse Recovery Time 


SYMBOLS 


BVCES 


VGE(th) 


QG(on) 


< < => > 
g g) Rl & 
a o 6) 17) 


t 


~~ 
Q. 
[e) 
3 


: 
td(off 
tf 


td(off)i 
tf 
Woff 


° 
bas 3 


Rec 
Rec 
VEC 
Trr 


TEST 
CONDITIONS 


Ic = 1.25mA 
VGE=0 


VG@E = VCE 

Ic =i1mA 

Ty = 150°C 
VCE = 400V 
VcE = 500V 


Ic =3A 
VGE =15V 
Ty = 150°C 


Resistive Load 

Ico = 3A, RL = 138329. 
VcE = 400V 

Ty = 150°C 

VGE = 10V 

Rg = 2529 


Inductive Load 
(See Figure 6) 


Ig = 3A, RL = 1339 
L = 50H, Rg = 2529 


VCE(clp) = 400V 
Ty = 150°C 
VGE = 10V 


LIMITS 


HGTP6N40E1D 


nh 


ar 
16) 


100 


6.5 


ed 


HGTP6N50E1D 


typ.) 


6.9 (typ) 


1.25 
100 


~ 
0) 


90 (typ) 


32 (typ) 
24 (typ) 


1100 (typ) 


l—EC =6A = 


lEC=6A 
di/dt = 100A/us 
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0.29 (typ) 


0.43 


1.6 


190 


le 


0.43 


=" 
Oo 


UNITS 


=| 
> 


mA 
nA 


3 
Q 


3 
a 


ys 
mJ 


OC/W 


OC/W 


| #- 


HGTP6N40E1D/HGTP6N50E71D 


7.6 


PULSE TES 
PULSE OURATION = 260 
DUTY CYCLE <2z 


COLLECTOR-EMITTER CURRENT (Ice) - A 


3.0 = 
ee 
oy 
: GY 
0.0 a 
0 10 


2 4 6 8 
GATE-TO-EMITTER VOLTAGE (Vge) - V 


FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS 


SATURATION VOLTAGE (Yce(sat)) - V 


COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 3. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT (TYPICAL) 


FREQUENCY Cf) = IMHz 


) 10 15 20 
COLLECTOR-TO EMITTER VOLTAGE (Vce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 
COLLECTOR-TO-EMITTER VOLTAGE 
(TYPICAL) 


PULSE DURATION=260uS, DUTY CYCLE <.62%,. Tc=26degC 


COLLECTOR-EMITTER CURRENT (Ice) - A 


2 4 i) 8 
COLLECTOR-TO-EMITTER VOLTAGE (Vce) - V 


FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


DC COLLECTOR CURRENT (Ice) - A 


U3) 100 
CASE TEMPERATURE (Tc) - degl 


FIGURE 4. DC COLLECTOR CURRENT AS A FUNCTION OF 
CASE TEMPERATURE 


1g = 1Mgen+ 1/REE 


FIGURE 6. INDUCTIVE SWITCHING TEST CIRCUIT 
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foe 
ui 
e ~ 
= ad 
ao * 
o= 

< 
Lu oe 
Ee 
=I oc 
nS 
z= OQ 
—- 2 
ca 


HGTP6N40E1D/HGTP6N50E71D 


Ae Tj=160degC. Vge=15V. Rg=60ohms, Vce=400V, L=50uH 1.6 TJ='50degC, Vge“10V, Rg=25ohme, L=-50uH 
om 
2 
‘ on 
ed 3 
= 54 
5s) ~ 
= uy 
= 
tw 
Q —_t! 
tu. ro 
o i 
z 
2 
COLLECTOR-EMITTER CURRENT CIce) - A Ny COLLECTOR-EMITTER CURRENT (Ice) - A 
FIGURE 7. TURN-OFF DELAY AS A FUNCTION OF FIGURE 8. FALL TIME AS A FUNCTION OF 
COLLECTOR-TO-EMITTER CURRENT COLLECTOR-TO-EMITTER 
(TYPICAL) CURRENT (TYPICAL) 


10.0 Tj=!50degl,. Vge=!10V. Rg=25ohms, L=50uH 
° (a eee, Gee 
_ — Se]: ie 
e a Bae ER Bas ¥ 
: eer 4-4 a 
os Ih Samco) mm 5 
: fees ial. 38 
: ae eelenei, se 
wn 2 
wo w 
2 1.0 aes Ee eee bed 
z Yoe—=4€ Ped © Ta 
x po ee a ee ee 
= eee ae Sa me eo 
: aa 
in = Ui allie BR, he 
u aaa eral i ELE 
eee eae en) ea 
> Lee, L— Vce = 2 Pd: ALLOWABLE |DISSIPATI 
= ae, 52 Po: CONDUCTION |DISSIPATI 
0.1 = 


S 
—_ 
o 


COLLECTOR-EMITTER CURRENT (Ice) - A COLLECTOR-EMITTER CURRENT (Ice) - A 
FIGURE 9. TURN-OFF SWITCHING LOSS AS A FUNCTION FIGURE 10. MAXIMUM OPERATING FREQUENCY AS A 
OF COLLECTOR-EMITTER CURRENT (TYPICAL) FUNCTION OF COLLECTOR CURRENT AND 


VOLTAGE (TYPICAL) 


GATE 
EMITTER 
VOLTAGE 


Vge - VOLTS 
Ip (AMPS) 


+ Ig(REF) Ie(REF) 0.4 O6 0.8 1 1.2 1.4 1.6 1.8 2 
dict) TIME — MICROSECONDS = ™ tic Ve (VOLTS) 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS AT FIGURE 12. TYPICAL FORWARD VOLTAGE 
CONSTANT GATE CURRENT 


HGTP6N40E1D/HGTP6N50E1D > 


(oasr) 444 


ir) 
o 
<q 
x 
<q 
us 
a 
ive) 
2] 
c 
wW 
> 
w) 
io 
a 
.¢ 
oO 
Qa 
> 
. 


Le (AMPS) 


Vr (VOLTS) 


FIGURE 14. TYPICAL REVERSE RECOVERY TIME 


FIGURE 13. TYPICAL REVERSE LEAKAGE 
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HGTD10N40F1/F1S 
HGTD10ON50F1/F1S 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 


|) HARRIS 


August 1991 


Features Packages 

¢ 10 Amp, 400 and 500 Volt HGTD10ON40F1, HGTD1ON50F1 
TO-251AA 

°* VCE(ON): 2.5V Max. TOP VIEW 


© Trail: 1.4us 

¢ Low On-State Voltage 
e Fast Switching Speeds 
® High Input Impedance 


EMITTER 
COLLECTOR COLLECTOR 
GATE ; 


Applications aS a 
¢ Power Supplies TOP VIEW 

e Motor Drives oan EMITTER 
¢ Protective Circuits we —(] Bester 


Description 


The HGTD1ON40F1, HGTD1ON40F 1S, HGTDIONS50F1, and 
HGTD1ONS50F1S are n-channel enhancement-mode insulated gate 
bipolar transistors (IGBTs) designed for high voltage, low on-dissipation 
applications such as switching regulators and motor drivers. These types 
can be operated directly from low power integrated circuits. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Cc 
The HGTD1ON40F1 and the HGTD1ON50F1 are supplied in the JEDEC 
TO-251AA plastic package. The HGTD1ION40F1S-= and_ the 
HGTD1ON50F1S are supplied in the JEDEC TO-252AA surface-mount 
plastic package. G 
E 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
HGTD10N40F1 HGTD10N50F1 
HGTD1ON40F1S HGTD10N50F1S UNITS 
Collector-Emitter Voltage oo. cece cae e cawee sees sed ee eeeweaenaes VCES 400 500 V 
Collector-Gate Voltage RGE = 1M2. .... ccc ccc eee eee e rete VCGR 400 500  YV 
Gate-Emiltier VONaGe: -:Gusswcetes es ceceee Cobiens eae Weaas tees naw dain VGE +20 +20 V 
Collector Current Continuous | 
BELG 225°C ce dashnccus sae a icaw ues sie be wen haa eae es Ic25 12 12 A 
BET OS O09G  oasceee date Pisesunaee isk een ues eae ee erie eeees Ic90 10 10 A 
Power Dissipation Total @ To = 259C. 1... cece ce ete eee enact Pp 75 75 Ww 
Power Dissipation Derating TG = 259C.. 1... eee e cece cree nee eeeee 0.6 0.6 W/9C 
Operating and Storage Junction Temperature Range..........eseee. Ty, TSTG -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9492 5.1 
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HGTD10ON40F1, HGTD1ION40F1S HGTD10ON50F1, HGTD1ION50F1S 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) Unless Otherwise Specified 


LIMITS 
HGTD1ON40F1 | HGTD1ON50F1 
Pn MAE: HGTD10N50F1S | UNITS 


Collector-Emitter Breakdown Voltage BVces Ic = 250 vA 
=F [@|-[=[— 
Gate Threshold Voltage Voettn 


Zero-Gate Voltage Collector Current 


Gate-Emitter Leakage Current Ices Vee = £20 V | — | 100 
Vee =0 


Collector-Emitter On-Voltage Vceton) 


TEST 
CONDITIONS 


CHARACTERISTIC 


io 
> 


—_— 
=) 
o 
> 


Gate-Emitter Plateau Voltage VoGep typ) 
Vce = 10V ; yp 

On-State Gate Charge Qeton) al = “5 A 
ieocnin Nd Went0V 134 (yo 


Turn-On Delay Time tation) Resistive Load 45 (typ) 


NO ~ ~ NO : 
I) on ie on 


c= 5A 36 (typ) 
Turn-Off Delay Time taiotn R. = 80 130 (typ) 
Fall Time Vce = 400 V 1400 (typ) 
Turn-Off Energy Loss per Cycle Ty = 150° C 
(off switching dissipation = Vee =10V 0.64 (typ) 
Wort X sequen Rg = 25Q. 


Inductive Load 


ae Ee ee 


Fall Time (see Fig.6) | — | 1200 | — | 1200 
Turn-Off Energy Loss per Cycle Ilc=5A 
(off switching dissipation = Veeicip) = 400 V 


Wor x frequency) — 


naan 


[Thermal Resistance Junction-to-caso—Age | ——S—~iC Sd | (rf 


cc 
ui 
=~ 
<c-— 
$5on 
a= 
tu “Ss 

tc 
=i 
ao 
ao 
z= © 
— 2 
ca 


COLLECTOR-EMITTER CURRENT (Ice) - A 


SATURATION VOLTAGE [VceCsat)] - V 


CAPACITANCE (C) - pF 


HGTD10N40F1, HGTD10N40F1S HGTD 7ON50F1, HGTD1ION50F1S 


a Vee = !0V .: PULSE DURATION@260uS. DUTY CYCLE <.6%. To=26degC 
Cc 
10 °° 
= 
: = 
ly 
2 
8 rz) 
~ 
ra 
4 a 
= 
Lu 
oe 
2 = 
i 
a 
0 a 
GATE- -TO- EMITTER VOL TAGE revges - ’ ee 2 4 8 8 
COLLECTOR-TO-EMITTER VOLTAGE (Vce) - V 
Fig. 1 - Typical transfer characteristics. Fig. 2 - Typical saturation characteristics. 
TJ=160degC 


DC COLLECTOR CURRENT (Ice) - A. 


— 10 60 7 100 
COLLECTOR-EMITTER CURRENT (Ice) - A VOEBOSES CASE TEMPERATURE (Tc) - degC 
Fig. 3 - Saturation voltage as a function of collector-emitter Fig. 4 - DC collector current as a function of case 
current. (Typical) temperature. 


FREQUENCY (f) = IMHz 


5 10 16 20 ; 
COLLECTOR-TO EMITTER VOLTAGE (Vce) - V CAPO8ES SONOSLO6 


Fig. 5 - Capacitance as a function of collector-to-emitter Fig. 6 - Inductive switching test circuit. 
voltage. (Typical) 
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TURN-OFF DELAY [tdCoff)I) - uS 


Mm! 
a 
=) 


TURN-OFF SWITCHING LOSS C(Woff) - 


0.5 


HGTD10ON40F1, HGTD1ON40F1S HGTD1ON50F1, HGTD1ION50F1S 


Tj=150degC. Vce=400V, L=50uH Tj=150degC. Vge=10V, Rg=25o0hms, L=50uH 


n 
3 
t 
= 
~~ 
w SUT 
a 
- Vce = |400V 
J! 
Cc 
iL 
° {0 
COLLECTOR-EMITTER CURRENT (Ice) - A TooFKees COLLECTOR-EMITTER CURRENT (Ice) - A aa 
Fig. 7 - Turn-off delay as a function of collector-to-emitter Fig. 8 - Fall time as a function of collector-to-emitter current. 
current. (Typical) (Typical) 


TJ=1650degC, To-100deglC. Vge=10V. Rg=25ohms, Pt=75¥. LeSOuH 


MAXIMUH OPERATING FREQUENCY ( faax)-KHz 


8 


COLLECTOR-EMITTER CURRENT (Ice) - A eee COLLECTOR-EMETTER CURRENT (oo) ~ A FINGEE 
Fig. 9 - Turn-off switching loss as a function of collector- Fig. 10 - Maximum operating frequency as a function of 
emitter current. (Typical) collector current and voltage. (Typical) 
500 


375 


Vce-VOLTS 
Vge-VOLTS 


‘Fig. 11 - Normalized switching waveforms at constant gate 
current. 


7-21 


[oad 
Lu fj 
—- ~*~ 
cC— 
os ” 
a= 

<t 
Lt oe 
=n 
adc 
aS 
zo 
— 
ca 


' 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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HARRIS 


HGTH12N40C1/40E1/50C1/50E1 
HGTM12N40C1/40E1/50C1/50E1 
HGTP10N40C1/40E1/50C1/50E1 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 


Features 

¢ 10A and 12A, 400V and 500V 
° VCE(ON): 2.5V 

¢ TF: 1s, 0.5ys 

¢ Low On-State Voltage 

¢ Fast Switching Speeds 

© High Input Impedance 

© No Anti-Parallel Diode 


Applications 


e Power Supplies 
¢ Motor Drives 
e Protective Circuits 


Description 


The HGTH12N40C1, HGTH12N40E1, HGTH12N50C1, HGTH12N50E1, 
HGTM12N50E1,. 
HGTP10N40C1, HGTP10N40E1, HGTP10N50C1, and HGTP10ON50E1 
are n-channel enhancement-mode insulated gate bipolar transistors 
(IGBTs) designed for high-voltage, low on-dissipation applications such 
as switching regulators and motor drivers. These types can be operated 


HGTM12N40C1, HGTM12N40E1, HGTM12N50C1, 


directly from low-power integrated circuits. 


The HGTH-types are supplied in the JEDEC TO-218AC plastic package 


Packages 


HGTH-TYPES JEDEC TO-218AC 
TOP VIEW 


COLLECTOR 
COLLECTOR 
GATE 


HGTP-TYPES JEDEC TO-220AB 
TOP VIEW 


COLLECTOR 4 
R= —=_—— 
(FLANGE) EMITTER 
a COLLECTOR 


HGTM-TYPES JEDEC TO-204AA 
BOTTOM VIEW 


COLLECTOR 


EMITTER / (FLANGE) 


GATE 


Terminal Diagram 
 N-CHANNEL ENHANCEMENT MODE 


Cc 
and the HGTP-types in the JEDEC TO-220AB plastic package. 
The HGTM-types are supplied in the JEDEC TO-204AA steel package. 
G 
E 
Absolute Maximum Ratings (Tc = 259°C), Unless Otherwise Specified 
HGTH12N40C1 HGTH12N50C1 
HGTH12N40E1 HGTH12N50E1 
HGTM12N40C1 HGTM12N50C1 HGTP10N40C1 HGTP10N50C1 
HGTM12N40E1 HGTM12N50E1 HGTP1ON40E1 HGTP1IONSOE1 UNITS 
Collector-Emitter Voltage 0.0... ccc cece eee e eee e eee enenes VCES 400 500 400 500 V 
Collector-Gate Voltage RGE = IMQ.. eee eee eee ee VCGR 400 500 400 500 V 
Reverse Collector-Emitter Voltage... . 1... cece cece cece es Vces(rev.) -5 -5 -5 -5 V 
Gate-Emitler Voltage .. ic ieee cee a ayes peti see tee tae eneneees VGE +20 +20 +20 +20 V 
Collector Current Continuous ....... cece cece eect cence erences Io 12 12 10 10 A 
Collector Current Pulsed aici. ces 66:56 6d 0 wine cee ee see be nles ose alias ICM 17.5 17.5 17.5 17.5 A 
Power Dissipation @ To = 259C 2... cece ec ec een ecto eee en ees Pp 75 75 60 60 Ww 
Power Dissipation Derate Above TG = 259°C... ke eee cee eee eens 0.6 0.6 0.48 0.48 W/°G 
-55 to +150 ~55 to +150 -55 to +150 -55 to +150 °C 


Operating and Storage Junction Temperature Range........... Ty, Tstg 


_ HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 


_ 4,682,195 


4,803,533 
4,888,627 


4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
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File Number 1697.1 


Specifications HGTH12N40C1, 40E1, 50C17, 50E1 
HGTM12N40C1, 40E1, 50C1, 50E1 HGTP10N40C7, 40E1, 50C1, 50E7 


UNITS 


> 
Nn 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 
LIMITS 
TEST {GTH12N40C1 HGTH12N40E1|HGTH12N50C1 HGTH12NS50E1 
CHARACTERISTICS SYMBOL CONDITIONS PGTM12N40C1 HGTM12N40E HHGTM12N50C1 HGTH12NSOE1 
HGTP10N40C1 HGTP10N40E1/HGTP10N50C1 HGTP10N50E1 
Collector-Emitter lc=1mMA 
Breakdown Voltage Vee =0 500 
Vee = Vce 4.5 
Gate Threshold Voltage Vee(th = 2 2 
Vce = 400 V 250 
Vce = 500 V nies 
Te = 125°C 
Vce = 400 V 
Vce = 500 V 


Zero-Gate Voltage Collector 


Current uA 


nm 
H | 
ro) 


Gate-Emitter Leakage Voce = +20 V 
In=10A - 
Voe=10V 


Collector-Emitter 


2.5 
On Voltage a Pm eae | 
——— eC 
ict [= [wom [ 
| ta(on) ae 
fe 
ese 


ta(on) le =10A | so | = 
a ee ee ee 
teers 
ns 


Vce(On) 


V 
V 


RiseTime SS SS*dSSSCi—=*dVceieumy = 300V 
Turn-Off Delay Time ta(off) L =50 wH 


Fall Time tri Ty = 100°C Typ Typ 
40E1 | Voe = 10V 680 1000 680 1000 
50E1 R, =500 
40C1 
50C1 


Turn-Off Ic =10A 


Energy Loss Vceicp) = 300 V 
per Cycle L = 50 wH 
(off switching dissipation Ty = 100°C pd 
= Eon x frequency) Voce = 10V 
Rg = 50 2 
Junction-to-Case auc =| 2.083) 
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 HGTH12N40C1, 40E1, 50C1, 50E7 
HGTM12N40C1, 40E1, 5001, 50E1 HGTP10N40C1, 40E1, 50C7, 50E7 


COLLECTOR CURRENT 0C)-A 


JUNCTION TEMPERATURE (T))-degC 
SOARCPIONSOCF1 
Fig. 1 - Maximum switching current level for all types. Rg = 50 Fig. 2 - Power dissipation vs. temperature derating curve for 
Q, Vee= 0 V are the minimum allowable values. all types. 


SINGLE. PULSE D=0.05 D=0.2 D=0.5 
ee ee “Porc(tjer( D Bm ee APPLY FOR eveesasece 
SHOWN tl TKpk)—TC=P(ph)ROUC 


W 
< 
5 S 
g 32 
= ‘ Gi 
g a: 
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Ww 4 
ue 39 
5 z 
E EA 
n 0.1 
: a 
3 2 
“ 
oO 
Zz 


po ak 0.1 1 10 100 1000 
JUNCTION TEMPERATURE (Tj)—degC TIME(ms) 
. GTHRCM10NSOAM1 TRRCM1ONSOAM1 
Fig. 3 - Typical normalized gate threshold voltage as a function Fig. 4 - Normalized thermal response characteristics for all 
of junction temperature for all types. types. 
—40degC 25degC 125degC 


COLLECTOR CURRENT(IC)—A 


ON=—STATE COLLECTOR CURRENT [IC(ON)] — A 


COLLECTOR—TO—EMITTER VOLTAGE(VCE)-V 
VGSRCM1ONSOAM 1 SATRCM10NSOAM 1 


Fig. 5 - Typical transfer characteristics for all types. Fig. 6 - Typical saturation characteristics for all types. 


7-24 


HGTH12N40C1, 40E1, 50C1, 50E7 
HGTM12N40C1, 40E1, 50071, 50E1 HGTP10N40C17, 40E1, 50C17, 50E7 


25degC cIss Coss CRSS 


_ 


COLLECTOR CURRENT (IC) — A 
CAPACITANCE (C)—pF 


COLLECTOR—TO-EMITTER ON VOLTAGE {VCE(ON)) — V COLLECTOR-TO-—EMITTER VOLTAGE (VCE)-V 
VOSRCM10NSOAM1 ‘ CAPRCM10NSOAM1 


Fig. 7 - Typical collector-to-emitter on-voltage as a Fig. 8 - Capacitance as a function of collector-to-emitter 
function of collector current for all types. voltage for all types. 


IC=5A, VGE=15V  IC=5A, VGE=10V  IC=10A, VGE=15V IC=10A, VGE=10V 


VCE(ON-VOLTS 


JUNCTION TEMPERATURE (T)-degC Ue rete eo _] 92CS-39075R1 


VDSTAS437CFt 


Fig. 9 - Typical Vce(on) vs. temperature for all types. Fig. 10 - Inductive switching test circuit. 


IC=10A VGE=10V VCL=300V L=50uH RG=50 OHM 


S 


8 


8 


8 


SWITCHING TIME-tdloffll NANOSECONDS- ns 


3 50 75 100 125 150 
JUNCTION TEMPERATURE (T)-degC 92CS-39974R1 
TDOFFIONSOCF2 
Fig. 11 - Typical turn-off delay time for all types. Fig. 12 - Typical inductive switching waveforms. 
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HGTH12N40C1, 40E7, 50017, 50E7 | 
HGTM12N40C1, 40E1, 50C1, 50E1 HGTP1ON40C1, 40E7, 50C1, 50E7 


th ti ti tj 
40C1/50C1 40E1/50E1 4001/50C1 40E1/50E1 
IC=5A VGE=10V VCL=300V L=50uH AG=50 OHM . IC=10A VGE=10V VCL=300V L=50uH RG=50 OHM 
& e 
1 ‘ 
8 8 
§ z 
un g 
” 
Ww Ww 
z 
3 g 
5 5 
E E 
5 & 
JUNCTION TEMPERATURE (T)-degC JUNCTION TEMPERATURE (Tj-degC 
‘ ene Ne 
Fig. 13 - Typical fall time for all types (\p = 5 A). Fig. 14 - Typical fall time for all types (1 = 10 A). 


5 5A 10A 10A 
4001/50C1 40E1/50E1 40C1/50C1 40E1/50E1 


VGE=10V VCL=300V L=50uH RG=50 OHM 800 


10 


| \eees] | VAN] | | oy 
TTanat WNC 
y/o 
| MI A VOLTAGE LAI 
| Vcc = 0.25 BVcEs Wein, ‘ae 
aeee eT ee ee 


a’ \ ivontinieore Gare 
A AN 

HT \A\A NORMALIZATION. 

| (Ww COLLECTOR-EMITTER VOLTAGE 


375 


Vee - VOLTS 
2 
& 
Voe - VOLTS 


Eoff- micro joules 


CURRENTS IN EXCESS 
OF 3 mA. Vce TURN-OFF 
18 NOT ACCURATELY /A\\\ 


ws 
inJ 
a 


I@(REF) go 'G(REF) 
JUNCTION TEMPERATURE (Tj)-degC t@(ACT) 1g(ACT) 
EOFFIONSOCF2 TIME - MICROSECONDS 92CS-41021At 


Refer to Harris application notes AN-7254 and AN-7260 on the 


Fig. 15 - Typical clamped inductive turn-off switching : tae 
use of normalized switcing waveforms. 


loss/cycle. 
Fig. 16 - Normalized switching waveforms at constant gate 
current. 
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™ HARRIS HGTP10N40C1D, E1D 


HGTP10N50C1D, E1D 


N-Channel Enhancement-Mode Insulated Gate 


May 1992 Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


Features 


e 10 Amp, 400 and 500 Volt 
* VCE(ON): 2.5V Max. 


Package 


JEDEC TO-220AB 
TOP VIEW 


° TFall: 1S, 0.5ys COLLECTOR as es 

° Low On-State Voltage (FLANGE) | COLLECTOR 
===> GATE 

e Fast Switching Speeds L_. — 

¢ High Input Impedance 


e Anti-Parallel Diode 


Applications f i 
ave Terminal Diagram 
2 Powor Supplies 
oe N-CHANNEL ENHANCEMENT MODE 
e Motor Drives 


e Protective Circuits 5 


Description 


The HGTP1O0N40C1D, HGTP10N40E1D, HGTP1ON50C1D, and 

HGTP1ONS50E1D are n-channel enhancement-mode insulated gate 
. bipolar transistors (IGBTs) designed for high voltage, low on-dissipation 

applications such as switching regulators and motor drivers. They feature a 

discrete anti-parallel diode that shunts current around the IGBT in the E 

reverse direction without introducing carriers into the depletion region. 

These types can be operated directly from low power integrated circuits. 


fod 
They are supplied in the JEDEC TO-220A8 plastic package. a 
ao 
a= 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified us ce 
HGTP10N40C1D =HGTP10N50C1D | I cx 
HGTP10N40E1D HGTP10ON50E1D UNITS a a 
Collector-Emitter VONAGG :4 visedede cians dtaa xe nad easy wee veneers VCES 400 500 V = 
Collector-Gate Voltage RGE = IMI... cece ence ence cece rene scerenee VCGR 400 500 V 
Gale-Emitter Volage 2.30 cu enatine sa venaweeratednwa ena ctsabesiawe VGE +20 +20 V 
Collector Current Continuous 
Btls = 250C aioe a Sa scares Auch ied ad Geeta waa aeondouss Ic25 17.5 17.5 A 
Stl = GOOC i tatu we doneate vosetbhe tent ieadeammae atte’: Ic90 10 10 A 
Power Dissipation Total @ TG = 259C. 0... cece cee cece teen es ee PD 75 75 Ww 
Power Dissipation Derating TG = 2590... cece eee cee cece e eee ee eene 0.6 0.6 W/°C 
Operating and Storage Junction Temperature Range........se.seee. Ty, TSTG -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2405.2 


Copyright © Harris Corporation 1992 
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HGTP10N40C1D, HGTP10N40E1D HGTP10N50C1D, HGTP10N50E1D 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc. = 25°C) unless otherwise specified 


LIMITS 


HGTP10N40C1D | HGTP10N50C1D 
HGTP10N40E1D | HGTP10N50E1D 


Pe 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown BVces lo = 1MA, Veg = 0 400 
Voltage : 


Gate Threshold Voltage Vee(th) | Vee =Vce, Io = 1mA 


Zero-Gate Voltage Collector Ices 
Vor = 500V 
ae ce 


Current 
Voge = t20V, Veg = 0 


Collector-Emitter On-Voltage ~ Vce(on) | Io =10A, Veg = 10V 


on 
oO 
B 


UNITS 


N 
aS 


250 


lo = 17.5A, Vgg =20V 


oo 
ho 


Gate-Emitter Plateau Voltage lo = BA, Voge = 10V 6 (typ) 6 (typ) 
On-State Gate Charge | lo = 5A, Vog = 10V 19 (typ) 


lo = 10A, Vog(clp) = 300V, 
L= 50uH, Ty = 100°C, Voce = 10V, 
Re = 502 


gl 


© 
S 
3. 
= ef #f={lefal<l<t]>] ff 


Qo 


s 

ro) 
G7] 
yO T,o 


4 


oO 
© 


HGTP10N40E1D, 80 1000 680 
HGTP10N50E1D (typ) 
HGTP10N40C1D, ‘}. 400 
HGTP10N50C1D - (typ) (typ) 


-~ 
5} 


aN 
oS 
i) 


Fall Time tk 


Turn-Off Energy Loss Per lo = 10A, HGTP10N40E1D, 1810 (typ) © pl 
Cycle (Off Switching Dissipation Veg(clp) = 300V, HGTP10N50E1D 
= EX F = ; 
of SIC UENeY) = ae HGTP10N40C1D, | 1070 (typ) wd 
Vor = 10V, HGTP10N50C1D 
| Rg = 50Q 


A 
ale 
|< 


= or 
g : 
= a 
= QO & 
TT} — 
a wz 
ra <0 
> cre 
ro) u < 
oc o & 
e 8 
© ao 
oe | Oo 
om 
rs) ui 
8 a. 
75 -50 -25 0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (Ty) - °C CASE TEMPERATURE (Tc) - °C 
Fig. 1 - Maximum switching current level for all types. Fig. 2 - Power dissipation vs. temperature derating curve for all 
Minimum allowable values are Rg = 50Q, Vee = OV types 
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HGTP10N40C1D, HGTP10N40E1D HGTP10N50C71D, HGTP1ON50E7D 


VGE=VCE_IC=1ma —40dege 25degC 125degC 


NORMALIZED GATE THREHOLD VOLTAGE 
(VGEC(TH)1 


ON~—STATE COLLECTOR CURRENT [IC(ON)] — A 


JUNCTION TEMPERATURE (Tj)—degC 
GTHRCM10N50AM1 


GATE—TO—EMITTER VOLTAGE (VGE) - V 


VGSRCM10N50AM1 
Fig. 3 - Typical normalized gate-threshold voltage Fig. 4 - Typical transfer characteristics for all types. 
as a function of junction temperature for all types. 
25degC 
TC=25deqC VGE=10V 


sea | 
fT ead 
SRY /AC4eae 
yee 


eA et 


COLLECTOR CURRENT(IC)—A 


Y,__| Vcemesy 


0 1 5 
snieereene Guntee meen seen se- nak a VOLTAGE a -vV 
SATRCM10NSOAM1 VDSRCM10NSOAM1 


Fig. 5 - Typical saturation characteristics for all types. Fig. 6 - Typical collector-to-emitter on-voltage as a 
function of collector current for all types. 
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IC=5A, VGE=15V  IC=5A, VGE=10V IC=10A, VGE=15V IC=10A, VGE=10V 


CISS COSS CRSS 


Tre 
CCCP 
VOGREERREE 

as 


1200 


1000 


CAPACITANCE (C)—pF 
VCE(ON)-VOLTS 


0 10 20 30 40 50 
COLLECTOR—TO—EMITTER VOLTAGE (VCE)—V 


JUNCTION TEMPERATURE (T}-degC 
CAPRCM10NSOAM1 VDSTA9437CF1 


Fig. 7 - Capacitance as a function of collector-to-emitter voltage Fig. 8 - Typical Vce(on) vs. temperature for all types. 
for all types. 
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HGTP10N40C1D, HGTP10N40E1D HGTP10N50C1D, HGTP10N50E1D 


RL= 130 IC=10A VGE=10V VCL=300V L=50uH RG=50 OHM 
400 
oO 
c 
t 
i?)) 
ja) 
5 
O 300 
1/Rg = 1/Rgen + 1/Rge a 
—~ ae ae ae Ge ame Zz 
Rgen = 1000 Vec s 
e 
$ 200 
be 
t 
W 
2 
od 
«© 100 
z ‘ 
J: 
-O 
E 
| Cyne ee | 92CS-39975R1 = 
$5 50 75 100 125 150 
JUNCTION TEMPERATURE (T))-degC 
TDOFFIONSOCF2 
Fig. 9 - Inductive switching test circuit. Fig. 10 - Typical turn-off delay time for all types. 
tfi tfi 
{ON40AD/10N50AD 10N40D/10N50D 
IC=5A VGE=10V VCL=300V L=50uH RG=50 OHM 
as 
zi 
n= : 
| aa \ 
(oy) 
ical : 
ms 
oat ae ; 
O 
WwW 
i") 
ei Z 
Z 
< 
Zz 
\ i 
E ; 
~~ : 
1U} 
Z 
mS : 
O 
ie : 
— é 
| ° 
——enes Ge 
92CS-39974R1 JUNCTION TEMPERATURE (Tj)-degC 
TFIONSODCF3A 
Fig. 11 - Typical inductive switching waveforms. Fig. 12 - Typical fall time for all types (lc = 5 A). 
tfi tfi 5A 5A 10A 10A 
1ON40AD/TON50AD 10N40D/10N50D JON40AD/ONSOAD 10N40D/10N50D 10N40AD/10N50AD 10N40D/10N50D 
IC=10A VGE=10V VCL=300V L=50uH RG=50 OHM VGE=10V VCL=300V L=50uH RG=50 OHM 


SWITCHING TIME NANOSECONDS- ns 


a 
3 
9 
2 
E 
A 
° 
Ww 
v3 50 15 100 125 150 
JUNCTION TEMPERATURE (T))-degC JUNCTION TEMPERATURE (Tj)-degC 
TFHONSODCF3 ; EOFFIONSODCF2 
Fig. 13 - Typical fall time for all types (Ic = 10 A). Fig. 14 - Typical clamped inductive turn-off switching loss/cycle. 
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HGTP10N40C 1D, HGTP10N40E1D HGTP10N50C1D, HGTP1ON50E1D 


YOLSISNVUL HV10dI9 


JLV9 G3ILVINSNI 


-42501R1 


g2cs 


Voge (VOLTS) 


COCO ETT ooo 8 


current for all types. 


92CS-42500RI 


Fig. 16 - Typical diode collector-to-emitter voltage vs. 


(SdWV) 93T 


LF (AMPS) 


Fig. 17 - Typical diode reverse-recovery time for all types. 
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HGTP10N40F1D 
HGTP10ON50F1D 


N-Channel Enhancemeni-Wode insulated Gate 


i HARRIS 


May 1991 Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 
Features Package 
e 10 Amp, 400 and 500 Volt. TO-220AB 
e Latch Free Operation TOPIEW 
¢ Typical Fall Time < 1.4ys 
¢ High Input Impedance pas any EMITTER 


ae COLLECTOR 
._  o —————__ —' GATE 


e Low Conduction Loss 
© With Anti-Parallel Diode 
® trr < 60ns | 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a N-CHANNEL ENHANCEMENT MODE 
bipolar transistor. The much lower on-state voltage drop varies only ro 

moderately between 25°C and 150°C. The diode used in parallel with the 

IGBT is an ultrafast (trp < 6Ons) with soft recovery characteristic. 


Terminal Diagram 


IGBTs are ideal for many high voltage switching applications operating at 

frequencies where low conduction losses are essential, such as: AC and . G 
DC motor controls, power supplies and drivers for solenoids, relays and 

contactors. 


These devices are supplied in the JEDEC TO-220 package. E 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


HGTP10N40F1D HGTP1ONS50F1D UNITS 
Collector=Emitter Voltage. ooo eices sss sects asebee oe seecdase esas eeu BVCES 400 500 V 
Collector-Gate Voltage RGE = 1M... cece eect cece eee n wees BVGGR 400 500 V 
Collector Current Continuous : 

BLT C S250. a caensa ee secu ene tiievond me out tees ei eae aera es Ic25 12 12 A 

ObTC = 909G ecdcestiusads ex swmnvccnueiwaesaeweravenaata ated Ic90 10 10 A 
Collector Current Pulsed (Note 1) ....... cece cece eee cnet e eee eee eeees ICM 12 12 A 
Gate-Emitter Voltage ContinuouS............ cece cece eee teeter eeeenes VGES +20 +20 V 
Diode Forward Current 

BET = 2506: ce rsuadncu sees bueno oieies tens cut mete napa eteaae. los 16 16 A 

BUTS = 00S: tustane uaa erin eaag venta dandacniumiardaheoatentauced lig0 10 10 A 
Power Dissipation Total @ TG = 259C. 2... cece cece cece tee nee e ences Pp 75 75 W 
Power Dissipation Derating TG > 2590... kee cece cece renee e ete enees 0.6 0.6 W/9C 
Operating and Storage Junction Temperature Range.............e0- Ty, TSTG -55 to +150 -55 to +150 oC 
Maximum Lead Temperature for Soldering ........cccccccecccesstccececes TL 260 260 oC 


Note 1. Ty = 150°C, Min. Rag = 252 w/o latch 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 97 5 1 


Copyright © Harris Corporation 1991 
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Specifications HGTPTON40F1D/HGTP1ON50F1D 


Electrical Characteristics At Case Temperature (Tc = 25°C), Unless Otherwise Specified 


LIMITS 


HGTP10ON40F1D 


TEST HGTP1ON50F1D 


CHARACTERISTIC SYMBOLS CONDITIONS 


Collector-Emitter Breakdown Voltage BVCES Io = 1.25mA 
VGE = 0 

Gate Threshold Voltage VGE(th) VGE = VCE 
Ic =1mA 


Zero-Gate Voltage Collector Current ICES Ty = 150°C 


VCE = 400V 
Gate-Emitter Leakage Current IGES 


VcE = 500V 
Collector-Emitter On-Voltage VCE(on) 


UNITS 


1.25 


1.25 mA 


100 nA 


3 
> 


<| 3|2 


* 


Ic =5A 
VGE =15V 
Ty = 150°C 


Gate-Emitter Plateau Voltage VGEP 
On-State Gate Charge QG(on) 


Turn-On Delay Time Resistive Load 
i 


pons 
| ns 
| ns 
a 
ns | 
pans 


45 (typ) 
35 (typ) 
130 (typ) 
1400 (typ) 
Rg = 259 0.64 (typ) mJ 


cc 
we 
- 
<< — 
os ” 
a= 

<r 
Lu 
=i 
a 
| 
z= © 
= o. 
co 


VCE = 400V 
Turn-Off Delay Time 
dlott) Ty = 1500C 
Fall Time VGE =10V 


Turn-Off Energy Loss Per Cycle 
(Off Switching Dissipation = 
Woff x frequency) 


Woff 
Turn-Off Delay Time tdloff)i Inductive Load 
Fall Time (See Figure 6) 


spel eager mene ca 
Turn-Off Energy Loss Per Cycle Woff 1.2 1.2 mJ 
(Off Switching Dissipation = L = 50nH, Rg = 252, 
Woff x frequency) VCE(clp) = 400V 

Ty = 150°C 

VGE = 10V 


Thermal Resistance Junction-to-Case Rec 
(IGBT) 


Thermal Resistance of Diode Rec 
Diode Forward Voltage VEC lEC=10A 


Diode Reverse Recovery Time Ter lEG=10A 
di/dt = 100A/ps 


a 
= 
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COLLECTOR-EMITTER CURRENT (Ice) - A 


CAPACITANCE (C) - pF 


HGTP10N40F1D/HGTP10N50F1D 


PULSE TEST = 
PULSE OURATION = 250 : 
<2z 


2 4 6 8 
GATE-TO-EMITTER VOLTAGE (Vge) - V 


FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS 


SATURATION VOLTAGE [Vce(sat)] - V 


10 
COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 3. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT (TYPICAL) 


FREQUENCY (f) = {MHz 


5 10 16 20 
COLLECTOR-TO EMITTER VOLTAGE (Vce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 
COLLECTOR-TO-EMITTER VOLTAGE 
(TYPICAL) 


PULSE DURATION=260uS, DUTY CYCLE <.6%. Tco=26degC 


COLLECTOR-EMITTER CURRENT (Ice) - A 


2 4 6 8 
COLLECTOR-TO-EMITTER VOLTAGE (Vce) - V 


FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


OC COLLECTOR CURRENT (Ice) - A 


2 60 7% 100 126 160 
CASE TEMPERATURE (To) - degC 


FIGURE 4. DC COLLECTOR CURRENT AS A FUNCTION OF 
CASE TEMPERATURE 


1/Ag = 1/Rgen + V/Ree 


FIGURE 6. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTP10N40F1D/HGTP1ON50F1D 


Tj-1650degC. Vge=10V., Rg=25ohme, L=-60uH 


Tj=160degC, Vcoe=400V, L=bOuH 


sn - C1IC#3°)P3] ABIAG 3d0-NYNL 


COLLECTOR-EMITTER CURRENT (Ice) - A 


~EMITTER CURRENT (Ice) - A 


COLLECTOR 


FIGURE 8 FALL TIME AS A FUNCTION OF 


FIGURE 7. TURN-OFF DELAY AS A FUNCTION OF 


COLLECTOR-TO-EMITTER 
CURRENT (TYPICAL) 


COLLECTOR-TO-EMITTER CURRENT 


(TYPICAL) 


Breer HOLSISNVUL UWTOdI¢ 


J1V9 GALVINSNI 


SMC IN AT tet 
2 SHAT Ea Sat to 


ZHN-(xDB5 ) AINANG3YS SNILBYSdO WNHIXUR 


oo ol 0 OS OS 0 ee ee 8 


oS ei 
fS - (330K) SSO1 SNIHDLIAS 4S0-NUNL 


COLLECTOR-EMETTER CURRENT (Ice) - A 


COLLECTOR-EMITTER “CURRENT (Ice) - A 


FIGURE 10. MAXIMUM OPERATING FREQUENCY AS A 


FIGURE 9. TURN-OFF SWITCHING LOSS AS A FUNCTION 


OF COLLECTOR-EMITTER CURRENT (TYPICAL) 


FUNCTION OF COLLECTOR CURRENT AND 


VOLTAGE (TYPICAL) 


100 g|- TYPICAL FORWARD VOLTAGE 


(Sdwy) JI 


SLIOA-285A 


re] 
Nn 
SIIOA-82A 


Ve ( VOLTS) 


Ig(REF) 
Ig(ACT) 


80 


TIME-MICROSECONDS 


Ig(REF) 
Ig(ACT 


20 


FIGURE 12. TYPICAL FORWARD VOLTAGE 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS AT 


CONSTANT GATE CURRENT 
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HGTP10N40F1D/HGTP10ON50F1D 


(as) aay 


"10 
Vp (VOLTS) 


Lr (AMPS) 


FIGURE 14. TYPICAL REVERSE RECOVERY TIME 


FIGURE 13. TYPICAL REVERSE LEAKAGE 
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G@ HARRIS HGTH12N40C1D, E1D 


HGTH12N50C1D, E1D 


N-Channel Enhancement-Mode Insulated Gate 


August 1991 Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


Features 


e 12 Amp, 400 and 500 Volt 
* VCE(ON): 2.5V Max. 


Package 


JEDEC TO-218AC 
TOP VIEW 


COLLECTOR os a EMITTER 
er ; COLLECTOR 
_ |= =GATE 


Terminal Diagram 


© Tray: Tus, 0.5us 


e Low On-State Voltage 


e Fast Switching Speeds 
e High Input Impedance 
e Anti-Parallel Diode 


Applications 


© Power Supplies 


; N-CHANNEL ENHANCEMENT MODE 
e Motor Drives 


e Protective Circuits C 


Description 


The HGTH12N40C1D, HGTH12N40E1D, HWGTH12N50C1D, and 

HGTH12N50E1D are n-channel enhancement-mode insulated gate G 

bipolar transistors (IGBTs) designed for high voltage, low on-dissipation 

applications such as switching regulators and motor drivers. They feature a 

discrete anti-parallel diode that shunts current around the IGBT in the 

reverse direction without introducing carriers into the depletion region. E 
These types can be operated directly from low power integrated circuits. 


fod 

They are supplied in the JEDEC TO-218AC plastic package. 1 

52 

; . ‘ - oo 

Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified til a 

HGTH12N40C1D HGTH12N50C1D = 

HGTH12N40E1D HGTH12N50E1D UNITS a <= 

zo 

Collector Emitter VON ag Gc uct wd cxhcese stg uesccaseetagieesewseuen's VCES 400 500 V a = 
Collector-Gate Voltage RGE = 1M... cece cece cece eee eee teen ence VCGR 400 500 V 
Gate=EMmiMer VOuldge . 2c ons ses swe ees awhe had P eae ae Nae ee VGE +20 +20 V 
Collector Current Continuous: 6 s.ecsa2 sss ci van cede Sees euee eee e ced ete Ic 12 12 A 
Collector Current PUuISeG sind sccneue bi edsen Saud sus tiadeieweewetinawken ICM 17.5 17.5 A 
Power Dissipation Total @ TG = 259... ee ccc cece ee eee eee eens Pp 75 75 W 

Power Dissipation Derating TG = 25°C... eee cece cece cence tent eee eeeee 0.6 0.6 W/9C 

Operating and Storage Junction Temperature Range............006. Ty, TSTG -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 997 3.1 


Copyright © Harris Corporation 1991 
7-37 


HGTH12N40C171D, HGTH12N40E1D HGTH12N50C1D, HGTH12N50E1D 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 
LIMITS 


TEST HGTH12N40C1D | HGTH12N50C1D 
; lc=1MA 
Collector-Emitter Breakdown Voltage BV ces Vee = 0 400 
GE — 
, — V 
Gate Threshold Voltage Vee (th) Vae= Vee 4.5 
lc=1MA 
Vce = 400 V 
Vce = 500 V 
To = 125°C _— — LA 
Vce = 400 V 1000 — 
Gate-Emitter Leakage Current ee | = | 100 | — | 100 | mm 
Vce =0 
lc=10A 
Ic =17.5A 
2 ; V 
; Ic =5A 
Gate-Emitter Plateau Voltage Vaep 6 (typ) 6 (typ) 
Vce=10V | 
On-State Gate Charge Qe(on) lc as ‘ 19(typ) 19(typ)} nC 
Vce=10V 


Turn-On Delay Time ta(On) 
Turn-Off Delay Time ta(off) 300v | — | 400 | — | 400 | 


| Fall Time 
TYP TYP 
680 | 1000 | 680 | 1000 


Zero-Gate Voltage Collector Current Ices 


Collector-Emitter On-Voltage 


Ty = 100°C 
Voce =10V 
Ro =50 


Turn-Off Energy Loss per Cycle lc=10A 
(off switching dissipation = Vce(clp) = 300 V } 
1810 (t 
Eor x frequency) L = 50 wH (typ) 
Ty = 100°C sa 
Vee = 10V TOPO YD 


o= 509 


Thermal Resistance Junction-to-Case Rac | | 1.67 | °C/W 
Diode Forward Voltage V lec = 10A ae | 2 | V 


EO ae eel 
; : lec=10A 
rr . : 1 0 100 
Diode Reverse Recovery Time T di/dt = 100 A/ps = 0 en ns 


VGE=10V RGEN=RGE=100 OHM 


COLLECTCR CURRENT (IC)-A 
cs) 
PERCENT OF RATED POWER DISSIPATION (PT) 


25 50 15 100 


os -50 9-25 0 


ee eae CASE TEMPERATURE (Tc)-degC 
JUNCTION TEMPERATURE (Tj)~degC PDIONSOCF2 
SOARCPIONSOCF1 : . : ; : 
Fig. 1 - Maximum switching current level for all types. Fig. 2 - Power dissipation vs. temperature derating curve 
Minimum allowable values are Ry = 50Q, Vee=0 V. for all types. 
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HGTH12N40C1D, 40E71D HGTH12N50C1D, 50E1D 


—40degC 25degC 125degC 


VGE=VCE_IC=1mo 


NORMALIZED GATE THREHOLD VOLTAGE 
(VGE(TH)} 


ON—STATE COLLECTOR CURRENT [IC(ON)) — A 


0 2.5 5 7.5 10 
JUNCTION TEMPERATURE (Tj)—degC GATE-TO—EMITTER VOLTAGE (VGE) — V 
GTHRCM10N50AM1 VGSRCM10N50AM1 
Fig. 3 - Typical normalized gate-threshold voltage Fig. 4 - Typical transfer characteristics for all types. 
as a function of junction temperature for all types. 
25degC 
TC=25deqgC 17.5 VGE=10V 


COLLECTOR CURRENT(IC)—A 
COLLECTOR CURRENT (IC) — A 


eee 
ey Caeeeee 
le eee eae 


COLLECTOR-—TO—EMITTER ON VOLTAGE [VCE(ON)) — V 


COLLECTOR—TO-EMITTER VOLTAGE(VCE)—V 
VDSRCM10NS50AM1 


SATRCM10NSOAM1 


Fig. 5 - Typical saturation characteristics for all types. Fig. 6 - Typical collector-to-emitter on-voltage as a 
function of collector current for all types. 


CcISS COSS CRSS IC=5A, VGE=15V IC=5A, VGE=10V IC=10A, VGE=15V IC=10A, VGE=10V 


1000 
Lo 
a 
A 800 ”) 
O zi 
“ O 
o if 
600 3 
La ie 6 
E Ww 
a 
< 400 2 
< 
: EEE 
0 10 20 30 40 50 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)—V JUNCTION TEMPERATURE (Tj)-degC 
CAPRCM10ONSOAM1 VDSTA9437CF14 
Fig. 7 - Capacitanc j -to-emi ltage : eae 
9 pacitance as a function of collector-to-emitter voltag Fig. 8 - Typical Vce(on) vs. temperature for all types. 


for all types. 


7-39 


oS 
we 
<c<— 
oo” 
= 
[an 
Lu 
a 
— 
a a 
= © 
— o& 
ca 


1/Rg = 1/Rgen + 1/ReEe 


SWITCHING TIME NANOSECONDS- ns 


HGTH12N40C1D, HGTH12N40E1D HGTH12N50C 1D, HGTH12N50E1D 


RL= 130 


Vec 


92CS-39975R1 


Fig. 9 - Inductive switching test circuit. 


i 


A 
es a as 


92CS-39974R1 


Fig. 11 - Typical inductive switching waveforms. 


tj ti 
40C1D/50C1D 40E1D/S50E1D 


IC=10A VGE=10V VCL=300V L=50uH RG=50 OHM 


5 50 ‘75 100 125 150 


JUNCTION TEMPERATURE (Tj)-degC 
TFHONSODCF3 


Fig. 13 - Typical fall time for all types (Ic = 10 A). 


SWITCHING TIME-td(offhi NANOSECONDS- ns 


IC=10A VGE=10V VCL=300V L=50uH RG=50 OHM 


7 100 125 150 


JUNCTION TEMPERATURE (Tj)-degC 
TDOFFIONSOCF2 


Fig. 10 - Typical turn-off delay time for all types. 


tj ti 
40C1D/S0C1D 40E1D/50E1D 


IC=5A VGE=10V VCL=300V L=50uH RG=50 OHM 


SWITCHING TIME NANOSECONDS- ns 


JUNCTION TEMPERATURE (Tj)-degC 
TFIONSODCF3A 


Fig. 12 - Typical fall time for all types (lc =5 A). 


tt tfj SA SA 
40C1D/50C1D 40E1D/50E1D 40C1D/50C1D 40E1D/S50E1D 


VGE=10V VCL=300V L=50uH RG=50 OHM 
1000 


Eoff- micro joules 
nN 
o) 
is) 


JUNCTION TEMPERATURE (Tj)-degC 


EOFFIONSODCF2 


ig. 14 - Typical clamped inductive turn-off switching loss/cycle. 


HGTH12N40C71D, HGTH12N40E1D HGTH12N50C1D, HGTH12N50E1D 


TYPICAL DIODE ON VOLTAGE 


nay 
foe 


Vce - VOLTS 
VGE- VOLTS 


VGE=10V 
FOR TURN-OFF GATE 
CURRENTS IN EXCESS 
OF 3 mA. Vcg TURN-OFF 
IS NOT ACCURATELY 
REPRESENTED BY THIS 


Ae eoutedros oS 


Lec (AMPS) 


Ses Iq(REF) = 0.38 mA 


IG(REF) IG(REF) 
20 
Ig(ACT) 80 Tg(ACT) 
2 VcE (VOLTS) 
TIME - MICROSECONDS 92CS-41021A1 Ss Neentas 
Fig. 15 - Normalized switching waveforms at constant gate current. Fig. 16 - Typical diode collector-to-emitter voltage vs. 


(Refer to Harris application notes AN7254 and AN7260.) current for all types. 


Coc er 
BEECH EEE 
ane aes ee + 1 BEEBE LH ttt ty ttt tty aan H 


FECL 
20 Reco eee 
BEE EEE EEC 


IF (AMPS) 92CS-42500RI 


fond 
Lu 
re 
a 2 
ag 
 & 
<= h 
= ce 
a 
zo 
— o- 
roa) 


Fig. 17 - Typical diode reverse-recovery time for all types. 
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w HARRIS HGTG12N60D1D 


N-Channel Enhancement-Mode Insulated Gate 


May 1992 Bipolar Transistor (IGBT) with Anti-Parallel Ultra-Fast Diode 
Features | Package 
¢ 12 Amp, 600 Volt TO-247 
TOP VIEW 


e Latch Free Operation 


e Typical Fall Time <500ns Oe CTAB) ay, —————> EMITTER 


e Low Conduction Loss i. ———— oe 
fN fie 

e With Anti-Parallel Diode 

® trr < 60ns 

Description 


Terminal Diagram 
The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 


N-CHANNEL ENHANCEMENT MODE 


bipolar transistor. The much lower on-state voltage drop varies only 
moderately between +25°9C and +150°C. The diode used in parallel with 
the IGBT is an ultrafast (tp; < 6Ons) with soft recovery characteristic. 
The IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are essential, such G 
as: AC and DC motor controls, power supplies and drivers for solenoids, 
relays and contactors. 
This type is supplied in the JEDEC TO-247 style package. E 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
HGTG12N60D1D UNITS 
Collector-Emitter Voltage... eee ee ee ree ee BVCES 600 V 
Collector-Gate Voltage RGE = 1M. .... cece cece cece nce r eee eee neeeecs BVCGR 600 V 
Collector Current Continuous 
D250 tas beatnce senate ars chia aga oeeeaanaae we ones GA Caan Ic25 21 A 
OT 4000 vaca os sana th cduwxcueesuemesaedeaetnaauas sanse nemmiere Ic90 12 A 
Collector Current Pulsed (1)... 0... cc. ccc cece cence ences ace oteithauoenedtie ICM 48 A 
Gate-Emitter Voltage ContinuouS ....... ccc cece ence ccc e tense neeeeeees VGES +20 Vv 
Switching Safe Operating Area at Ty = +1509C 10... ccc cee cece cece eens SSOA 30A @ 0.8BVCES - 
Diode Forward Current 
OTS 2 circa Beak ane wekaus oewen Hees eee oman ee cee eWetes a5 21 A 
QT F900 hace tot aloha pRaceed Weave tthade dle cracwesars loo 12 A 
Power Dissipation Total @ TG = +259C 2... cece eee cece e eee e eee eneeeees Pp 75 W 
Power Dissipation Derating TG > +259C ..... cece cece cece cece ee ee tee eeneeee 0.8 W/°C 
Operating and Storage Junction Temperature Range..........cceeceeees Tj, TSTG -55 to +150 °C 
Maximum Lead Temperature for Soldering ........c.sccesceccccccsecsceccees TL 260 oT @; 


(0.125” from case for 5 seconds) 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9 800. 1 


Copyright © Harris Corporation 1992 
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Specifications HGTG12N60D1D 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS SYMBOL TEST CONDITIONS | min | typ | MAX | UNITS 


comm, [tee [omen fe 
Breakdown Voltage 

gecagasea fect ecnene [tt [om 
auubacineae fgnnaee | - | es Ler [ov 


Gate-Emitter VGE(TH) Io = 250pA, Tco= +25°C 3.0 V 
Threshold Voltage VceE = VGE 

Gate-Emitter IGES VGE = +20V +500 nA 
Leakage Current 

Gate-Emitter VGEP Ic =Icg0; VCE =0.5 BVCES 7.2 V 
Plateau Voltage 


On-State Gate Charge Q&(on) Ic =I!cg90; VGE = 15V 


o | nc | 
oo a pc 


Delay Time Vac = 15V, Ty: = 18000" 
[coronene 
oad eT 
FiemalResitncotGer | fase [SS 
a ee ce ER 
ps. 
pes 


Diode Forward Voltage = lEC=12A aa 
Diode Reverse Recovery Time lEC = 12A, di/dt = 100A/us fe | 


(1) Turn-off Energy Loss (Wo¢,) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Icg = OA) The HGTG12N60D1D was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


PULSE DURATION-260ue, DUTY CYCLE < 0.62%. Vcoe~{0V a5 PULSE OURATION-260us. DUTY CYCLE < 0.62, To=26°C 
1 


8 


16.0 


Te=160°C 
To~26 °C 
To=-40 C 


COLLECTOR-EMITTER CURRENT (Ica) - A 


COLLECTOR-EMITTER CURRENT (Ice) - A 
© 
° 


0.0 
0.0 2.0 4.0 6.0 8.0 10.0 1 4 
GATE-EMITTER VOLTAGE CVge) - V COLLECTOR-EMITTER VOLTAGE (Vee) - V 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG12N60D1D 


OC COLLECTOR CURRENT (Ice) - A 


76 too, 
CASE TEMPERATURE (To) - C 


FALL TIME (tfi) - ne 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
EMITTER CURRENT. 


CASE TEMPERATURE 


FREQUENCY (f) = IMHz 


$38 8 


CAPACITANCE (C) - pF 


5 10 15 
COLLECTOR-EMITTER VOLTAGE (Vce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 
COLLECTOR-EMITTER VOLTAGE 


SATURATION VOLTAGE (YceCsat))] - V 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT. 


7.6 


6.0 


COLLECTOR EMITTER VOLTAGE (Yce) - V 


160 RL~60.0 OHMS 2.6 
Ig(REF)-0.868mA 
Vge=10V 
0 = 0 
oo LOCREF) ep 18¢REF) 
Igcact) TIME ¢t) - us Ig(ACT) 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 


TURN-OFF SWITCHING LOSS (Woff) - mJ 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER CURRENT. 


o 
i] 


GATE EMITTER VOLTASE (Yge) - V 


HGTG12N60D1D 


TJ-160 °C. Rge-26ohne, L=600uH 


trax} 7 0-08 / tdoff! 
faaxe ~ (Pd - Po) / Wott 
Pdt ALLOWABLE DISSNPATION 


Pot CONDUCTION DISSAPATION 
(Pa DUTY FACTOR = 60Z) 


VYooe=240V, Vge=I0V © 
Rgic * 1.07°C/N 


Vce=240V, Vge=16V 
Vcoe=480V. Vge-10V 
Ycoe=480V. Vge~I6V 


TURN-OFF DELAY CtdCoffdi] - ns 
OPERATING FREQUENCY ( fmax)-KHz 


VYoe=480V, Vgo-10V 8 I6V 
Yoe-240V, Yge~lOV & I6V— 


10 10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A PEAK COLLECTOR-EMITTER CURENT (Ice) - A 
FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMMITER CURRENT. COLLECTOR-EMITTER CURRENT AND 
VOLTAGE. 


100.00 ===> 


< 
5 SR « OT 
x TA a SN a 
o =Ti= 150°C A = 
2 ipo ee AZZ 2 
5 —— ——— ——————— = fe 
Ps fe alll 
= Km w 
= ss <= 
i <5 
‘e) = 
re a2 
ee 
= oc 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 a S 
FORWARD VOLTAGE DROP (V) =f 
co 
FIGURE 11. TYPICAL DIODE COLLECTOR-TO-EMITTER FIGURE 12. TYPICAL tr,, ta, ty vs FORWARD CURRENT. 
VOLTAGE. 
200 
ee 


rr RE eS ES ES 
A 


Se SD TT 
FE SE RE AD 
ES 


re ee er SE ST 
—eeeeaeeaeaeaeaaeee eee eae eeeaa=aa=S=SaeaeaeaeaeS eae ae eee 
SE TT TE A I RS SN eT 

SS ES TT AS A TT 


REVERSE CURRENT (jt A) 


Pee eee eee, 
Pe a a A ee 


REVERSE VOLTAGE (V) 


FIGURE 13. FORWARD VOLTAGE vs FORWARD CURRENT CHARACTERISTIC. 
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HGTG12N60D1D 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 OF fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. : 


fmax1 is defined by fmax1 = 0.05/ta(off)i: td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX: td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - PC)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (TymaAx - Tc)/Reuc. 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pc) can be approximated by 
Po = (VCE X ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse. and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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=) HARRIS 


HGTM12N60D1 


N-Channel Enhancement-Mode 


May 1992 Insulated Gate Bipolar Transistor (IGBT) 
Features Package 
¢ 12 Amp, 600 Volt sa ina 
Latch Free Operation BOTTOM VIEW 
; COLLECTOR 
EMITTER 
¢ Typical Fall Time <500ns J (FLANGE) 
e High Input Impedance : O O- O 
¢ Low Conduction Loss 0 
GATE 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only N-CHANNEL ENHANCEMENT MODE 
moderately between +25°C and +1500°C. C 


IGBTs are ideal for many high voltage switching applications 
operating at moderate frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power supplies and drivers 
for solenoids, relays and contactors. 


Terminal Diagram 


G 
This type is supplied in the JEDEC TO-204AA package. 
E 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified ES 
Lj 
HGTM12N60D1 UNITS o 2 
ro) 
= 
Collector=Emitter Voltages si gc. tw liar ac aessheereeeeseinaeebadeness BVCES 600 V a 
Collector-Gate Voltage RGE =1M2Q.....cceceecec ccc eeveeeeeeeeeeeees BVCGR 600 Vv < = 
Collector Current Continuous 2 = 
OT 200 ses cq wig ets wages aie onere Tacoieack ein SO aek elena lesen eer Ic25 21 A zo 
OVERS 19V ONG R34 008 iat inteces eds Weawaduanecouratecat sae. Ic90 12 A = 
Collector Current Pulsed (1) oi gccasciel Ov caneuaws ov od oe Saesawiekede donk ICM 48 A 
Gate-Emitter Voltage ContinuouS ....... 0. cece ccc eect e cence ec eeeneens VGES +25 V 
Switching Safe Operating Area at Ty =+1509C 1.2... cece ce ewe cence eee SSOA 30A @ 0.8BVCES - 
Power Dissipation Total @ TG =+259C 2... cece cece cece eee cent ee eeeeees Pp 75 Ww 
Power Dissipation Derating TG > +2596 . 1... ccc ccc cece cee cee eee nee e cence 0.6 W/9°C 
Operating and Storage Junction Temperature Range...........eseseceee Tj. TSTG -55 to +150 oC 
Maximum Lead Temperature for Soldering .........c cece cc cecccccencetcncecs TL 260 Te; 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 282 9.1 
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Specifications HGTM12N60D1 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTICS —~.| SYMBOL 


Collector-Emitter 
Breakdown Voltage 


Collector-Emitter 
Leakage Voltage 


Collector-Emitter VCE(SAT) 
Saturation Voltage . 


Gate-Emitter VGE(TH) Ic = 250A, 
Threshold Voltage VcE = VGE 
Gate-Emitter IGES VGE = +20V 
Leakage Current 


Gate-Emitter VGEP Ic =!c90: VCE =0.5 BVCES 
Plateau Voltage 


On-State Gate Charge 

Delay Time © VGE = 15V,Ty=150°C, 
[coreniFaitime | ts 
Ftemainesisenceiaat [Ayo | SSS 


(1) Turn-off Energy Loss (Wop) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Icg = OA) The HGTM12N60D1 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


PULSE DURATION-250ue, DUTY CYCLE < 0.5%, To~26°C 


Cc a 
t t 
‘s es 
io 
ae 
3 
E | i 
m Te=160°C = 
a To=26 " is VYge=6.5V 
& Te=-40 C oS 
5 S 
: : 
4 ra 
a} x) | 
"0.0 2.0 40 6.0 8.0 * 10.0 0 1 2 3 4 5 
GATE-EMITTER VOLTAGE (Vge) - V COLLECTOR-EMITTER VOLTAGE (Vce) - V 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 


HGTM12N60D1 


Vgecl5V 


DC COLLECTOR CURRENT (Ics) - A 
FALL TIME (tfi)d - ne 


76 100 ‘ 10 
CASE TEMPERATURE (To) - C PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
CASE TEMPERATURE EMITTER CURRENT 


FREQUENCY (f) = IMHz 


9000 & 10.0 
a > 
2600 2 : 
m7 S 7.5.3 
> 
t 2000 @ ws 
ao e tu 
ra) 3 T2) 
iw) oO = 
Ly 1500 is 5.0 ¢d 
= Va > 
: : : 
© 1000 = - 

a o 2.5 z = 

© 5 160 RL=60.0 OHMS ay uw 2 

600 & Ig(REF)=0.868mA ry i 

a Vge=10V = 

3 az 

0 0 = Lu a 

0 6 10 165 20 20 Ig(REF) 80 Ig(REF) = ic 

COLLECTOR-EMITTER VOLTAGE (Vce) - V Igcact) TINE Ct) - us TgtAcT) = ex 

a ai 

FIGURE 5. CAPACITANCE AS A FUNCTION OF FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT = = 

COLLECTOR-EMITTER VOLTAGE CONSTANT GATE CURRENT. (REFER TO a 


APPLICATION NOTES AN7254 AND AN7260.) 


SATURATION VOLTAGE [Yce(sat)] - V 
TURN-OFF SWITCHING LOSS (CWoff) - mJ 


10 1 10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 
FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 


COLLECTOR-EMITTER CURRENT OF COLLECTOR-EMITTER CURRENT 
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HGTM12N60D1 


Vcoe=240V, Vge=l0V 
Vce=240V., Vge=!t5V 
Vce=480V, Vgerl0V 
Vce~480V. Vgo~I5V 


a) Ae i 


TURN-OFF DELAY (tdCoff)i}] - ns 


0 
PEAK COLLECTOR-EMITTER CURRENT CIce) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMMITER CURRENT 


nax! = 0-08 / tdoffl 
f 


axe” (Pd - Pod / Wolf 
Pdt ALLOWNBLE DISSNPATION 
Pot CONDUCTION DISSAPATION 


(Pe DUTY FACTOR = 602) 
Rejc " 1.67°C/W 


OPERATING FREQUENCY ( fmax)-KHz 


. 10 
PEAK COLLECTOR-EMITTER CURENT (Ice) - fA. 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 Or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. | 


fmax1 is defined by fmax1 = 0.05/ta(off)i- td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX: td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - PC)/Woff. The allowable 
dissipation (Pp) is defined by Pp '= (Tymax - Tc)/ReJc. 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pc) can be approximated by 
Po = (VCE X ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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it HARRIS 


HGTP12N6OD1 


N-Channel Enhancement-Mode 


May 1992 Insulated Gate Bipolar Transistor (IGBT) 
Features Package 
© 12 Amp, 600 Volt TO-220AB 
TOP VIEW 


e Latch Free Operation 


¢ Typical Fall Time <500ns 


COLLECTOR 
>. COLLECTOR 


¢ High Input Impedance 


° Low Conduction Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only N-CHANNEL ENHANCEMENT MODE 
moderately between +25°C and +150°0C. Cc 


IGBTs are ideal for many high voltage switching applications 

operating at moderate frequencies where low conduction losses are 

essential, such as: AC and DC motor controls, power supplies and drivers G 
for solenoids, relays and contactors. 


This type is supplied in the JEDEC TO-220AB package. 


Terminal Diagram 


E 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified cc 
i 
HGTP12N60D1 UNITS a) 
ao 7” 
= 
Collector=Emilter Voltage sve v.iaisanSesus caus oa aenes cee eashae awn eeras BVCES 600 V a < 
Collector-Gate Voltage RGE =1M2Q. oo... ccc ccc ceceeee eee seeuseeeeees BVCGR 600 V < - 
Collector Current Continuous — < 
O28 evade acsecnea te Seamed maaan da ahaa se adoe ees arasea’ Ic25 21 A 25 
@NGEH15V @ IGS 4900 cask dines ckascrancovecseweantacveuets Io90 12 A ~S 
Collector Current Pulsed (1)....... 0. ccc cece cece cece eee eooennatguetalnes ICM 48 A 
Gate-Emitter Voltage ContinuouS........... ccc cece cece cece nee eeeceeees VGES +25 V 
Switching Safe Operating Area at Ty = +1509C 1... ccc cece cece eee SSOA 30A @ 0.8BVcES - 
Power Dissipation Total @ TG = +259C 0... ccc ec cee cece eee e teens neces Pp 75 Ww 
Power Dissipation Derating TG > +259C .... ic cece ccc cece cece eect eee eeeeeeees 0.6 W/9C 
Operating and Storage Junction Temperature Range.........c.cecceeees Tj, TSTG -55 to+150 oC 
Maximum Lead Temperature for Soldering ......... ccc cccc ceca cccccceecneees Th 260 oC 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
- Copyright © Harris Corporation 1992 
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Specifications HGTP12N60D1 


‘Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


SYMBOL 


ICES VcE=BVcEs | Tc = +25°C Le 


Nce=oeavors|te=s1a800 | - [| - [40 | ma 
om Ec a 
mi 


To = +259C 

1 [2 

Gate-Emitter VGE(TH) Io = 250nA, Tco= +25°9C 3.0 

Threshold Voltage VceE =VGE 

Gate-Emitter IGES VGE = +20V 

Leakage Current 

Gate-Emitter VGEP Ic =Icg0, VCE = 9.5 BVCES 

Plateau Voltage 

On-State Gate Charge Q&(on) po - | | 60 | 
Current Turn-On td(on)i L = 500nH, Ic = Igo, Rg = 252, 100 
Delay Time VGE = 15V, Ty = 150°C, 


CHARACTERISTICS TEST CONDITIONS 


Collector-Emitter 
Breakdown Voltage 


Collector-Emitter 
Leakage Voltage 


Collector-Emitter 
Saturation Voltage 


TremaiResitanootsat | faye | 


(1) Turn-off Energy Loss (Wo¢) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Ic¢g = OA) The HGTP12N60D1 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


20.0 PULSE DURATION=250us. DUTY CYCLE < 0.52%, Vce=I0V PULSE OURATION=260us. DUTY CYCLE < 0.52. To=25°C 


To=150°%C 
To=25 °c 


> 
e 
oO 


COLLECTOR-EMITTER CURRENT (Ice) - A 


COLLECTOR-EMITTER CURRENT (Ice) - A 
oo 
o) 


as 


0.0 ‘ poe 

0.0 2.0 3 4.0 8.0 8.0 10.0 0 1 2 3 4 § 
GATE-EMITTER VOLTAGE (Vge) - V COLLECTOR-EMITTER VOLTAGE (Vce) - V 

FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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DC COLLECTOR CURRENT (Ice) - A 


HGTP12N60D1 


Vge=15V 


fe] 


76 100 
CASE TEMPERATURE (Tc) - C 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF 


CAPACITANCE (C) - pF 


PARI TTR DENA 
VAoK t CMP rer TURE 


FREQUENCY (f) = IMHz 


5 10 15 
COLLECTOR-EMITTER VOLTAGE (Vce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 
COLLECTOR-EMITTER VOLTAGE 


pens 
Ct 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


SATURATION VOLTAGE [Vce(sat)] - V 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


COLLECTOR EMITTER VOLTAGE (Vce) - V 
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Voa=480V. Vgo={0V 8 15V. T)-f50 ms Rge=2bohme. L=600uH 


1200 


1000 
' 800 
~ 600 
us 
=x 
= 
"400 
a 
loo 
ih, 
200 
0 
(o 20 
PEAK COLLECTOR-EMITTER CURRENT (Ico) - A 
FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 


EMITTER CURRENT 


7.5 


5.0 


2.5 


RL=-60.0 QHMS 
Ig( REF )-0.868mA 
Vge=l0V 


Tg(REF) 
IgCACT) 


TIME (tt) - us 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 


TJ=160°C, Vge=!0V. Rge=2Sohas. L=600uH 


5.0 


TURN-OFF SWITCHING LOSS (Woff) - mJ 


10 
PEAK COLLECTOR-EMITTER CURRENT CIce) - A 


FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER CURRENT 


i=) 
e 
ao 


GATE EHXITTER VOLTAGE (Vga) - V 


o 
=r 
a2 
i ss 
Ee 
=i 
an Sy 
= © 
=o 
[oa] 


HGTP12N60D1 


Tj=150 °C, Rge=2Gohme. L=600uH 
ee 


Voe=240V, 
Vos=240V, 
Voe=480V, 
Vos=480V, 


TURN-OFF DELAY CtdCoff)l) - ne 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMMITER CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 


device shows fmax1 OF fmax2 whichever is smaller at each | 


point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
| junction temeprature. 


fmax1 is defined by fmax1 = 0.05/td (off). td(offyi deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tg(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


TJ=150 °C. Te=!00 °C. Rge=25ohms, L=500uH 
Ee ee 


fmax} " 0-08 / tdoffl 
fraxe ~ (Pd - Pod / vott 


Pdt ALLOWABLE OISSAPATION 


max! 


Pe: CONOUCTION OISSAPATION 


(Pc DUTY FACTOR = 602) 
Reajce * I. 87°C/W 


Yoe=480V¥, VYgo=!0V 8 16V 
Veo=240V, VYger!OV & 16V 


10 
PEAK COLLECTOR-EMITTER CURENT (Ice) - A 


OPERATING FREQUENCY ( fmax)-KHz 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE 


frequency limiting condition for an application other than 
TJMAX: td(off)i is important when controlling output ripple — 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - PC)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Regsc: 
The sum of device switching and conduction. losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pc) can be approximated by 

= (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE —- OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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HGTH20N40C1/40E1/50C1/50E1 
HGTM20N40C1/40E1/50C1/50E1 
HGTP15N40C1/40E1/50C1/50E1 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 


i} HARRIS 


August 1991 


Features 

e 15A and 20A, 400V and 500V 
° VCE(ON): 2.5V 

© TF: Tus, O.5ys 

e Low On-State Voltage 

e Fast Switching Speeds 

© High Input Impedance 

© No Anti-Parallel Diode 


Applications 

© Power Supplies 

e Motor Drives 

e Protection Circuits 


Packages 


HGTH-TYPES JEDEC TO-218AC 
TOP VIEW 


COLLECTOR : a EMITTER 
Eanes : COLLECTOR 
_ |= GATE 


HGTP-TYPES JEDEC TO-220AB 
TOP VIEW 


COLLECTOR — 
(FLANGE) —_———_—» EMITTER 
Cp COLLECTOR 


HGTM-TYPES JEDEC TO-204AA 


BOTTOM VIEW 
Description EMITTER V/IPLANGE) 
The HGTH20N40C1, HGTH20N40E1, HGTH20N50C1, HGTH20N50E1, 
HGTM20N40C1, HGTM20N40E1, HGTM20N50C1, HGTM20N50E1, 


HGTP15N40C1, HGTP15N40E1, HGTP15N50C1 and HGTP15N50E1 
are n-channel enhancement-mode insulated gate bipolar transistors 
(IGBTs) designed for high-voltage, low on-dissipation applications such 
as switching regulators and motor drivers. These types can be operated 
directly from low-power integrated circuits. 


N-CHANNEL ENHANCEMENT MODE ec 
Pe ty : C ro) 
The HGTH-types are supplied in the JEDEC TO-218AC plastic package aaa 
and the HGTP-types in the JEDEC TO-220AB plastic package. ay) 
= = 
‘ : fom 
The HGTM-types are supplied in the JEDEC TO-204AA steel package. ud = 
_ 
G = o 
a a 
= © 
oe 
E ca 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
HGTH20N40C1 HGTH20N50C1 
HGTM20N40C1 HGTM20NS50C1 
HGTH20N40E1 HGTH20N50E1 HGTP15N40C1 HGTP15N50C1 
HGTM20N40E1 HGTM20NSOE1 HGTP1SN40E1 HGTP1SN50E1 UNITS 
Collector-Emitter Voltage: <i. os nates coke cnnseusta vewiee uae sees VCES 400 500 400 500 Vv 
Collector-Gate Voltage RGE = IMD... cece cece cence eee ce ee VCGR 400 500 400 500 V 
Reverse Collector-Emitter Voltage... 0... . cece ccc eee ees Vces(rev.) -§ -5 -§ -5 V 
Gate-Emitter Voltage 20... ccc cc ect ee ee teen tee eteesees VGE +20 +20 +20 +20 V 
Collector Current Continuous ........ cece cece cee renee ee eee eenee Ic 20 20 15 15 A 
Collector Current Pulsed .... 02 ccc cece eta e tere cateersereees Icom 35 35 35 35 A 
Power Dissipation @ To = 259°C ...........6. satdiagansdeeteueks Pp ~ 100 100 75 75 W 
Power Dissipation Derate Above Tc = 25°C 2... cece cece eee renee eens 0.8 0.8 0.6 0.6 W/°G 
Operating and Storage Junction Temperature Range........... Ty, TstTG ~55to+150 ~55 to +150 -55 to +150 -55 to +150 oC 


GATE 


Terminal Diagram 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 


4,417,385 4,430,792 4,443,931 - 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 21 7 4.1 
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Specifications HGTH20N40C1, 40E1, 50C1, 50E1 
HGTM20N40C1, 40E1, 50C1, 50E1 HGTP15N40C1, 40E1, 50C1, 50E1 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 


TEST HGTH20N40C1 HGTH20N40E1 | HGTH20N50C1 HGTH20NS50E1 
CHARACTERISTICS SYMBOL | CONDITIONS | HGTM20N40C1HGTM20N40E1| HGTM20NS0C1 HGTM20N50E1 [UNITS 
HGTP15N40C1 HGTP15N40E1| HGTP15N50C1 HGTP15NS50E1 


Collector-Emitter lc=1mA 
= : 
Vce = 400 V 250 a 
Zero-Gate Voltage Collector Vce = 500 V 950 
LA 


Current 


Gate-Emitter Leakage 
Current 


Reverse Collector-Emitter 
Leakage Current 


Collector-Emitter 
On Voltage 


oe State Gate le = 10 A 


g(ONn) 
Turn-On ITurn-On DelayTime Time | ta(on) | 
|RiseTime = Time | te | Veceveu) = 300 = 


ie Off Delay Time ae L = 25 wH 


Fall Time Ty = 100°C 
bee Vee = 10V 
Rg = 259 

50C1 


Turn-Off ott lc =10A 
Energy Loss 40E1 Vcerce) = 300 V 
per Cycle 50E1 L = 25 wH 
(off switching dissipation Ty = 100°C 


= Eon x frequenc | 40C1 Voe=10V 
Thermal Resistance R Botner 
Junction-to-Case 6c HGTP 


Vce(On) 


1810 (typ.) 
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HGTH20N40C1, 40E1, 50C17, 50€1 
HGTM20N40C1, 40E1, 50C1, 50E1 HGTP15N40C17, 40E1, 50C17, 50E7 


VGE=10V RGEN=RGS=50 OHM 


PT) 


COLLECTOR CURRENT (IC}—A 


PERCENT OF RATED POWER DISSIPATION ( 


CASE TEMPERATURE (Tc) - degC 
PD1ON50CF2 


Fig. 1 - Maximum switching current level for all types. Ry = 25 Fig. 2 - Power dissipation vs. temperature derating curve for 
Q, Vee = 0 V are the minimum allowable values. all types. 


~40degC 2SdegC 125degC 


NORMALIZED GATE THREHOLD VOLTAGE 
(VGECTH)) 
ON-STATE COLLECTOR CURRENT (IC (ON) )-A 


cc 
Lu 
= “” 
eZ 

2 
Lu ee 
a 

0 al 
-50° 0 50 100 150 $5 2.5 5 7.5 10 = 
JUNCTION TEMPERATURE (Tj)—degC GATE-TO-EMITTER VOLTAGE (VGE)-V a a 
GTHRCM10NSOAM1 VGSRCM10NSOAM1 = = 

Fig. 3 - Typical normalized gate threshold voltage as a function Fig. 4 - Typical transfer characteristics for all types. 


of junction temperature for all types. 
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Fig. 5 - Typical saturation characteristics for all types. Fig. 6 - Typical collector-to-emitter on-voltage as a 


function of collector current for all types. 
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HGTH20N40C1, 40E1, 50C1, 50E7 
HGTM20N40C1, 40E1, 50C1, 50E1 HGTP15N40C1, 40E1, 50C7, 50E7 


% 


CAPACITANCE (C)—pF 
g i) 
3 


b 
3 


ss) 10 15 20 25 30 35 £40 


COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
CAPRCM TONSOAM 1 


Fig. 7 - Capacitance as a function of collector-to-emitter 
voltage for all types. 


1/Rg = 1/Rgen + 1/RgeE 


Rgen = 500 


92CS-43223R1 


92CS-39974A1 


Fig. 11 - Typical inductive switching waveforms. 
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1C220A, VGE=10V 


IC=20A, VGE=16V 


+ cums 


1C*10A, VGE=10V 


1C*10A, VGE=15V 


VCE(ON}-VOLTS 


JUNCTION TEMPERATURE (Tj}-degC 
VDSTA9437CF1 


Fig. 8 - Typical Vce (on) vs. temperature for all types. 


IC=20A VGE=10V VCE(CLP300V L=25uH RG=25 OHM 


SWITCHING TIME~td(off}i NANOSECONDS- ns 


100 125 


5 50 , 
JUNCTION TEMPERATURE (Tj)-degC 


TDOFFIONSOCF2 
Fig. 10 - Typical turn-off delay time for all types. 


ti tf 
40C1/50C1 40E1/50E1 


IC=10A VGE=10V, VCE(CLPF300V L=25uH RG=25 OHM 
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rt ec ae a Sc ce he Pere eeore Ft a cc peo see ae 
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(7) 100 ieee Sis mene so cmmieyietioniens es ee: oe. paren Sele: meen coms 
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JUNCTION TEMPERATURE (T)-degC 
, TFHONSOCF2A 


Fig. 12 - Typical fall time for all types. 


HGTH20N40C1, 40EF1, 50C17, 50E7 
HGTM20N40C1, 40E1,50C1, 50E1 HGTP15N40C17, 40E1, 50C7, 50E1 


tfi tf 10A 10A 20A 20A 
40C1/50C1 40E1/50E1 40C1/50C1 40E1/50E1 40C1/50C1 40E1/50E1 
1C=20A VGE=10V VCEICLP=300V L=25uH AG=25 OHM . VGE=10V VCE(CLPI=300V L=25uH RG=25 OHM 


Eoff- micro Joules 


SWITCHING TIME NANOSECONDS- ns 


Fig. 14 - Typical clamped inductive turn-off switching 
loss/cycle. 
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Refer to Harris application notes AN-7254 and AN-7260 on the 
use of normalized switcing waveforms. 


Fig. 15 - Normalized switching waveforms at constant gate 
current. 
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HGTH20N40C1D, E1D 
HGTH20N50C1D, E1D 


N-Channel Enhancement-Meode Insulated Gate 
Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


it HARRIS 


June 1992 


Features 


¢ 20 Amp, 400 and 500 Volt 
° VCE(ON): 2.5V Max. 


Package 


JEDEC TO-218AC 
TOP VIEW 


¢ Trail: 1ysS, 0.5us COLLECTOR 
¢ Low On-State Voltage 


e Fast Switching Speeds 


¢ High Input Impedance 
e Anti-Paralle!l Diode 


Applications : : 

PP Terminal Diagram 
¢ Power Supplies 
N-CHANNEL ENHANCEMENT MODE 
e Motor Drives 


e Protective Circuits 


C 


Description 


The HGTH20N40C1D, HGTH20N40E1D, HGTH2ONS50C1D = and 
HGTH20ON50E1D are n-channel enhancement-mode insulated gate 
bipolar transistors (IGBTs) designed for high voltage, low on-dissipation 
applications such as switching regulators and motor drivers. They feature a 
discrete anti-parallel diode that shunts current around the IGBT in the 
reverse direction without introducing carriers into the depletion region. 
These types can be operated directly from low power integrated circuits. 


They are supplied in the JEDEC TO-218AC plastic package. 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


HGTH20N40C1D HGTH20N50C1D 
HGTH20N40E1D HGTH2O0NS50E1D UNITS 
Collector-Emitter Voltage. ........ cc cece ee eee eee ees ieee ace ea meena VCES 400 500 V 
Collector-Gate Voltage RGE = 1M... cee cece cece tere cere eenee VCGR 400 500 V 
Gate-Emitter VOWaGe x6 s.2ie%nitasiecsee nee iaes ceewue etic’ wen awwes VGE +20 +20 V 
Collector Current ContinuGus: ss i2ssss2aes case sicedudateaseenerseurakwsen Ic 20 20 A 
Collector Current Pulsed). 6i<5¢0is uss oe ets etasoniastereusecae oceeews IoM 35 35 A 
Diode Forward Current Continuous 
VS eG vas sg ah Gane savers Mave Lee eek Claw Cane eE Tha Gia 1725 35 35 A 
Qj HF I0 CG s cisiiawiepeciwekes nevewet sec wheuroes et ebse tar aciles lig0 20 20 A 
Power Dissipation Total @ To = +259C ..... cece cece cece cece ee ee nee eees Pp 100 100 Ww 
Power Dissipation Derating TG =+259C ..... cece cece eect ete e ett n ence ence 08 0.8 W/°C 
Operating and Storage Junction Temperature Range..........eeeee- Ty, TSTG ~55 to +150 ~55 to +150 oC 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,627 4,682,195 4,684,413 4,684,315 4,717,878 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 297 1 2 


Copyright © Harris Corporation 1992 
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Specifications HGTH20N40C1D, 40E1D HGTH20N50C1D, 50E1D 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 
TEST HGTH20N40C1D| HGTH20N50C1D 


Collector-Emitter Breakdown Voltage 


Gate Threshold Voltage 


Zero-Gate Voltage Collector Current Ices Te = 125°C 
Vce = 400 V 


Voce = 500 V 


CE ~ 
lc=20A 
2.5 2.5 
Vee =10V )- fas | - | 2s 


Collector-Emitter On-Voltage 


Turn-On Delay Time ta(on) 
Turn-Off Delay Time ta(off) | Vce(clp)=300V {| — | 400 | — | 400 | 


Fall Time 
Parse 
680 1000 680 1000 
YP 


hee T 
400 500 400 5900 


1810 (typ) 


1070 (typ) 


Ts = 100°C 
Vee=10V 
Rg =25Q9 


Turn-Off Energy Loss per Cycle 
(off switching dissipation = 
Eorr X frequency) 


Ilc=20A 
Vce(clp) = 300 V 
L = 25 wH 
Ty = 100°C 
Vee = 10 V 


INSULATED GATE 
BIPOLAR TRANSISTOR 


Thermal Resistance Junction-to-Case R@jc 
Diode Forward Voltage Vec lec=20A 
he 


) lec =20A 
Diode Reverse Recovery Time di/dt = 100 A/us Pee 


COLLECTOR CURRENT (C)-A 


JUNCTION TEMPERATURE (T})-degC . CASE TEMPERATURE (Tc)-degC 
SOARCP20N50CF6 PD20NS5OCF6 
Fig. 1 - Maximum switching current level for all types. Fig. 2 - Power dissipation vs. temperature derating curve 
Minimum allowable values are Rg = 50Q, Vee=0 V. for all types. 
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HGTH20N40C 7D, HGTHZON40E1D HGTH20N50C1D, HGTH2ZON50E1D 


NORMALIZED GATE THREHOLD VOLTAGE 
(VGE(TH)} 


JUNCTION TEMPERATURE (Tj)—degC 
GTHRCM10N50AM1 


Fig. 3- Typical normalized gate-threshold voltage 
as a function of junction temperature for all types. 


COLLECTOR CURRENT(IC)—A 


COLLECTOR—TO—EMITTER VOLTAGE(VCE)~V 
SATRCM20N50AM1 


Fig. 5 - Typical saturation characteristics for all types. 


CISS coss CRSS 


CAPACITANCE (C)—pF 


COLLECTOR—TO-EMITTER VOLTAGE (VCE)—V 
CAPRCM20NS0AM1 


Fig. 7 - Capacitance as a function of collector-to-emitter voltage 


for all types. 


ON-STATE COLLECTOR CURRENT IIC(ON)) — A 


-40degC 25degC 


125degC 


VCE=10V 


PULSE TEST 
PULSE DURATION=80u: 
DUTY CYCLE=.5% MAX 


GATE-TO-EMITTER VOLTAGE (VGE) — V 
‘ VGSRCM20NS0AM1 


Fig. 4 - Typical transfer characteristics for all types. 


COLLECTOR CURRENT (IC) ~ A 


VCE(ON)-VOLTS 


COLLECTOR—-TO-EMITTER ON VOLTAGE [VCE(ON)} — V 


VDSRCM20NSOAM1 


Fig. 6 - Typical collector-to-emitter on-voltage as a 
function of collector current for all types. 


IC=10A, VGE=15V IC=10A, VGE=10V IC=20A, VGE=15V IC=20A, VGE=10V 


JUNCTION TEMPERATURE (Tj/-degC 


VDS20N50CF7 


Fig. 8 - Typical Vce(on) vs. temperature for all types. 


1/Rg = 1/Rgen+ 1/Age 


Rgen = 509 


SWITCHING TIME NANOSECONDS- ns 


HGTH20N40C1D, HGTH2ZO0N40E1D HGTH20N50C1D, HGTH2ZON50E1D 


RL=4Q 


_—— — _ 92CS-43223A1 


Fig. 9 - Inductive switching test circuit. 


92CS-39974A1 


Fig. 11 - Typical inductivé switching waveforms. 


ti tf 
40C1D/50C1D 40E1D/S50E1D 


IC=20A VGE=10V VCE(CLP)=300V L=25uH RG=25 OHM 


oS 50 75 100 125 150 


JUNCTION TEMPERATURE (Tj)-degC 


TFIZONSODCF3 


Fig. 13 - Typical fall time for all types (Ic = 20 A). 


SWITCHING TIME-td(off}i NANOSECONDS- ns 


IC=20A VGE=10V VCE(CLP}=300V L=25uH RG=25 OHM 


300 


200 


5 50 rhs) 100 125 150 


JUNCTION TEMPERATURE (Tj}-degC 


Fig. 10 - Typical turn-off delay time for all types. 


SWITCHING TIME NANOSECONDS- ns 


Eoff- micro joules 


thi th 
40C1D/50C1D ' 40E1D/50E1D 


IC=10A VGE=10V VCE(CLP)=300V L=25uH RG=25 OHM 


JUNCTION TEMPERATURE {Tj)-degC 
TFI2ZONSODCF3A 


Fig. 12 - Typical fall time for all types (Ic = 10 A). 
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10A 10A 20A 20A 
40C1D/50C1D' 40E1D/50E1D 40C1D/50C1D 40E1D/50E1D 


VGE=10V VCE(CLP)=300V L=25uH RG=25 OHM 


JUNCTION TEMPERATURE (Tj)-degC 


EOFF20NSODCF7 


Fig. 14 - Typical clamped inductive turn-off switching loss/cycle. 


7-63 


HGTH20N40C1D, HGTH20N40E1D HGTH20N50C1D, HGTH2ZON50E1D 


500 


10 


PERE 
Bey anere 


AST EMITTER — X71 
= a 7 VOLTAGE YE 


Ey —~"F} 
wire 0.25 BVCES iH 


Ig(REF) = 0.76 mA _ 
VGeE=10V 


Voce - VOLTS 
iS) 
wn 
f=} 


Vee - VOLTS 


NOTE: 
FOR TURN-OFF GATE 
125 | CURRENTS IN EXCESS 
OF 3 mA. Voge TURN-OFF 
tS NOT ACCURATELY 
REPRESENTED BY THIS 
NORMALIZATION. 


Lec (AMPS) 


IM 
A, 
Zz 


IG(REF) 


IG(REF) 
IG(ACT) 
TIME - MICROSECONDS 92CS-43149R1 


IG(ACT) s 


Voge (VOLTS) 
92CS -42501R1 


Fig. 15 - Normalized switching waveforms at constant gate current Fig. 16 - Typical diode collector-to-emitter voltage vs. 
(Refer to Harris application notes AN7254 and AN7260.) current for all types. 
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Ir (AMPS) 92CS-42500R1 


Fig. 17 - Typical diode reverse-recovery time for all types. 
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OM HARRIS HGTG20N50C1D 


N-Channel Enhancement-Mode Insulated Gate Bipolar 


May 1992 Transistor (IGBT) with Anti-Parallel Ultra-Fast Diode 
Features Package 
e 20 Amp, 500 Volt TO-247 
TOP VIEW 


e Latch Free Operation 


¢ Typical Fall Time < 500ns [———> EMITTER 


ae COLLECTOR 


COLLECTOR [CD 
(TAB) 


® High Input Impedance re 


e Low Conduction Loss 
e With Anti-Parallel Diode 
bd trr < 60nsS 


Terminal Diagram 


The IGBT is a MOS gated high voltage switching device combining the N-CHANV ER ROMAN CEMENT - MORE 
best features of MOSFETs and bipolar transistors. The device has the high C 

input impedance of a MOSFET and the low on-state conduction loss of a 

bipolar transistor. The much lower on-state voltage drop varies only 

moderately between 25°C and 150°C. The diode used in parallel with the 

IGBT is an ultrafast (tr; < 6Ons) with soft recovery characteristic. 


Description 


IGBTs are ideal for many high voltage switching applications operating at G 
frequencies where low conduction losses are essential, such as: AC and 

DC motor controls, power supplies and drivers for solenoids, relays and 

contactors. 


This type is supplied in the JEDEC TO-247 package. E 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


HGTG20N50C1D UNITS 

Collector=Emitter Voltag@s «5.522 acs Creme eran eekwh ecient see ween eee BVCES 500 V 
Collector-Gate Voltage RGE = 1M... ccc cece cee e ee cere ene n ee neee BVCGR 500 V 
Collector Current Continuous 

QT eC Chien cnudusnas on peh Une y ERE NS Sue baa Mew URGE baa Ic25 26 A 

QTC = 90°C. ii ivieeonchakceqetdee telenecins Mie eae en ees AaB aeeHe Ic90 20 A 
Collector Current Pulsed (1): ccakc. 2scceccsevweaurenoskeeessannend esau te ICM 35 A 
Gate-Emitter Voltage ContinuouS........ 0. ccc ccc cece cece eee e een enee VGES +20 V 
Diode Forward Current 

OT 6 eG ig eee d lade se ois Wah ee Cee we beara aves weed lfa5 26 A 

OTC Oo Oa iccs tatingagan Deseo riidnevenuie ths emiseatesiekeereeaees lf90 20 A 
Power Dissipation Total @TG = 259C 2... cece cece eee c eee e cece een eees Pp 75 Ww 
Power Dissipation Derating TG > 259C.. ccc eee cece cee e eect e ee eeeeeeenes 0.8 W/°C 
Operating and Storage Junction Temperature Range............seeeeee Ty, TSTG -55 to +150 ae) 
Maximum Lead Temperature for Soldering ......... cece cee ee cece eereeeeaes TL 260 oC 


(1) (Ty = 150°C, Min. Reg = 252 w/o latch) 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


Copyright © Harris Corporation 1992 
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4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 2796.1 
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Specifications HGTG2ZON50C1D 


Electrical Characteristics At Case Temperature (Tc = 25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


. wn 
Collector-Emitter Breakdown Voltage BVces [ic=1mA,Vge=0 | —500_—s*7/f 
Gate Threshold Voltage Vaeith) |VGE=VceIc=ima | 2 | 
Zero-Gate Voltage Collector Current ICES Vce=500V | - | 

fee | 

VcE = 500V 
Gate-Emitter Leakage Current ices _ |Vae=#20V,Vce=0 | - - | 
Collector-Emitter On-Voltage VcEISAT) |Ic=20A,Vge=10=v | - 
na 
Ed 


Ic = 10A, VcE = 10V 
<(00) 


i Voer oe 
On-State Gate Charge Q@(on) Io =10A, Vege = 10V 
Turn-On Delay Time Ic = 20A, VcE(clp) = 300V pe | 
, : ae 
fi 
Ett 
VEC 


VGE = 10V, Rg = 259 
Turn-Off Delay Time tq(off)i 


Turn-Off Energy Loss Per Cycle | Ic = 20A, VcE(clp) = 300V 
(Off Switching Dissipation = Eog¢ x Frequency) L = 25yH, Ty = 100°C 


VGE = 10V, Rg = 252 


Thermal Resistance Junction-to-Case (IGBT) ROC gee ee 


Diode Forward Voltage Veo | lEC = 20A 
Diode Reverse Recovery Time te | lEC = 20A, di/dt = 100A/ys 


L = 25nH, Ty = 100°C 
t 400 (typ) 


VGE=VCE_IC=1ma 


LTAGE 


(VGE(TH)} 


PERCENT OF RATED POWER DISSIPATION PT) 
NORMALIZED GATE THREHOLD vo 


CASE TEMPERATURE (Tc)-degC JUNCTION TEMPERATURE (Tj)—degC 
POZONSOCF6 GIHRCM1ONSOAMS 
FIGURE 1. POWER DISSIPATION VS. TEMPERATURE FIGURE 2. TYPICAL NORMALIZED GATE-THRESHOLD 
DERATING CURVE FOR ALL TYPES. VOLTAGE AS A FUNCTION OF JUNCTION 


TEMPERATURE FOR ALL TYPES. 
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HGTG20N50C 1D 


—40degC 25degC 125degC 
: oe ee 
| 46 VCE=10V 
S PULSE DURATION=80u 
Oo DUTY CYCLE=.5% MAX 
oO 4 
= ! 
% ) 
s : 
« G 
rs ir 
w @ 
t- 
u 6 
J O 
: 8 
it 
Va) 
f 
Zz 
© 0 2.5 5 75 10 
GATE-TO-EMITTER VOLTAGE (VGE) - V COLLECTOR-TO-—EMITTER VOLTAGE(VCE)-V 
VGSROMPONSOAM * SATRCMZONSOAM 1 
FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS FOR FIGURE 4. TYPICAL SATURATION CHARACTERISTICS FOR 
ALL TYPES. ALL TYPES. 
CISS Coss CRSS 
25dege 
VGE=10V 


35 
PULSE TES 
i PULSE DURATION=80u 
DUTY CYCLE=.5% MAX 


.¢ 
9 ‘ 
v | 
b G 
na uJ 
g ! 
0 Rs 
w O 
a 
: : = 
= Lu 
§ ar 
aoe 
fam 
3 ha oc 
COLLECTOR-TO-EMITTER ON VOLTAGE [VCE(ON)) - Vv COLLECTOR—TO-EMITTER VOLTAGE (VCE)-V < oe 
VDSRCM20N50AM 1 CAPRCM20N50AM1 a pa 
=o 
FIGURE 5. TYPICAL COLLECTOR-TO-EMITTER ON- FIGURE 6. CAPACITANCE AS A FUNCTION OF COLLECTOR- — a 
VOLTAGE AS A FUNCTION OF COLLECTOR TO-EMITTER VOLTAGE FOR ALL TYPES. = 
CURRENT FOR ALL TYPES. 
IC=10A, VGE=15V IC=I0A, VGE=10V IC=20A, VGE=15V IC=20A, VGE=10V 
Ww) 
ar 
a 
Lea vox (8) 
O 
‘i | 
JUNCTION TEMPERATURE (T)-degC Sterner nen Sa 
VDS20N50CF? 
FIGURE 7. TYPICAL VceE(on) vs. TEMPERATURE FOR ALL FIGURE 8. INDUCTIVE SWITCHING TEST CIRCUIT. 


TYPES. 
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HGTG2ON50C1D 


IC=20A VGE=I0V VCEICLP)=300V L=25uH RG=25 OHM 
400 


el 


rm) 
3 


= 
ae 
|_| 
ie 


8 


NEE 


SWITCHING TIME-tdloffl NANOSECONDS- ns 
N 
8 


ni 
ao 


50 th) 100 125 150 | 


JUNCTION TEMPERATURE (T))-degC 92CS-39974A1 
TOOFF20N50CF7 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME FORALL TYPES FIGURE 10. TYPICAL INDUCTIVE SWITCHING WAVEFORMS. 


IC=10A VGE=10V VCEICLP)=300V 1.=25ul! RG=25 OM IC=20A VGE=10V VCEICLP)=300V L=25ult RG=25 OHM 


= NANOSECONDS=- ns 
SWITCHING TIME NANOSESONDS- ns 


SWITCHING Tim 


15 100 125 150 75 100 125 150 
JUNCTION TEMPERATURE (Tj)-degC JUNCTION TEMPERATURE (Ij)-degC 
TFIZONSODCF 3A TFIZONSODCF3 


FIGURE 11. TYPICAL FALL TIME FOR ALL TYPES (Ic =10A). FIGURE 12. TYPICAL FALL TIME FOR ALL TYPES (Ic = 20A). 


VGE=10V VCE(CLP}=300V L=25ult RG=25 OHM 500 


a o 62 
3 2 
8 ° rf 
8) w w 
‘ > | W@(REF) = 0.76 mA. ee af 
+ | NOTE: Voe=10V 
o FOR TURN-OFF GATE _ 
CURRENTS IN EXCESS 

OF3mA.VcETURN-OFF | | ___; 5 

1S NOT ACCURATELY 

REPRESENTED BY THIS 

NORMALIZATION, |) ~~] 

COLLECTOR-EMITTER VOLTAGE 
100 125 150 IG(REF) etree) 
JUNCTION TEMPERATURE (1j)-degC 20 elacT) iG(ACT) 
neeca ao TIME - MICROSECONDS 92CS-43149R1 
FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT 
SWITCHING LOSS/CYCLE CONSTANT GATE CURRENT. (REFER TO 
HARRIS APPLICATION NOTES AN7254 AND 
AN7260.) 
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REVERSE CURRENT (}1A) 


HGTG20N50C 71D 


SS Tj= 150°C 
i freee 


trr, ta, th (ns) 


6) 100 200 300 400 500 600 
REVERSE VOLTAGE (V) 


FIGURE 15. TYPICAL DIODE REVERSE VOLTAGE vs. FIGURE 16. TYPICAL try, ta, th vs. FORWARD CURRENT. 


REVERSE CURRENT. 


= 40.00 

- 

i 

- Tj= 150°C van 4a an —— 
Eco ae 7airaiceal mala 
Q -—v¥ 

c 

< 

z 

O 0.10 

i 


0.0 0.2 04 0.6 08 1.0 1.2 1.4 1.6 1.8 
FORWARD VOLTAGE DROP (V) 


FIGURE 17. FORWARD VOLTAGE vs. FORWARD CURRENT CHARACTERISTIC. 
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at HARRIS 


HGTG20N100D2 


N-Channel Enhancement-Mode 


May 1992 Insulated Gate Bipolar Transistor (IGBT) 
Features Package 
e 34 Amp, 1000 Volt TO-247 
TOP VIEW 


e Latch Free Operation 


> EMITTER 
_—_—————-* COLLECTOR 
Sate, GATE 


¢ Typical Fall Time 520ns CO AB 


© High Input Impedance 


e Low Conduction Loss 


Description Terminal Diagram 


The HGTG20N100D2 is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low on-state Cc 
conduction loss of a bipolar transistor. The much lower on-state voltage 

drop varies only moderately between +25°9C and +150°C. 


N-CHANNEL ENHANCEMENT MODE 


IGBTs are ideal for many high voltaage switching applications operating at 


frequencies where low conduction losses are essential, such as: AC and = 
DC motor controls, power supplies and drivers for solenoids, relays and 
contactors. 
E 
This type is supplied in the JEDEC TO-247 package. 
Absolute Maximum Ratings (To = +25°C), Unless Otherwise Specified 
HGTG20N100D2 UNITS 

Collector—Emitter Voltage sc cei cnis eestieseesue ee bene ee Swiieebee ee ees BVCES 1000 V 
Collector-Gate Voltage RGE = 1M... cece cece eee cece nee e eee eees BVCGR 1000 V 
Collector Current Continuous 

O16 4250 esis hernia daeaeie mei teeneriewuailel ase ntee ets caee IC25 34 A 

OT OO cis oes Fela oree dis ae wie cite Seah re nad) weg wtaiatel o's eaten eO lo ee stale Ic90 20 A 
Collector Current Pulsed (1)... e eee e cence ce ceececeeeecuceuces IomM 100 A 
Gate-Emitter Voltage ContinuOUuS .......... cc ccc cece e cece cece ne eeneeeeee VGES +20 V 
Gate-Emitter Voltage Pulsed < o:0¢. cae ktwcinisiv esse ad eine FO Nwle ba ee bee nee as VGEM +30 V 
Switching Safe Operating Area at Ty =+1509C 1.0... . ccc cece eee cece eee SSOA 100A @ 0.8BVcES - 
Power Dissipation Total @ TG = +259C ..... cece cece cece eee ree eee eenees Pp 150 W 
Power Dissipation Derating TG > +259C ... ccc cece e cece cece eee e er neeteeeees 1.20 W/9C 
Operating and Storage Junction Temperature Range............eeseeeee Tj, TSTG -55 to +150 Te: 
Maximum Lead Temperature for Soldering ......... ccc cee ee cence eeeeneeerens Th 260 °C 

(0.125” from case for 5 seconds) 
Short Circuit Withstand Time(2). ... 0.2... cc cece eee e eee eeereeeceeeeaneeeees tsc | 

QV GE = TOV se tesesnesc ecien oc ocuwniddacnn es sates tage toes swe ne ewweenes 3 ps 

OV GE S1OV. voc vs sate ae neues Oeiie sini saee SU dad 5 Web Os Ua oe web caeca ties 15 us 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 
(2) VCE(pk) = 600V, To = 125°C, Ree = 252 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801 986 4,803,533 4,809,045 4,809,047 4,810,665. 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper LLC. handling procedures should be followed. File Number 282 6.1 


Copyright © Harris Corporation 1992 
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Specifications HGTG2Z0N100D2 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS 
Collector-Emitter BVCES Ic = 250pA, VaeE = OV 1000 
Breakdown Voltage 


Collector-Emitter IcES Voce = BVces To = +259C 
Leakage Voltage VcE = 0.8 BVcEs | Tc = +125°9C 


VCE(SAT) Ic=Icg90, To =+25°C 
VGE = 15V To = +125°C 
Ic=Icg90, To = +259C 
VGE = 10V To =+125°9C 
Gate-Emitter VGE(TH) Ico = 500yA, To= +259C 3.0 
Threshold Voltage VcE = VGE 
Gate-Emitter IGES VGE = +20V 
Leakage Current 
Gate-Emitter VGEP lc =!Icg90, VCE =9.5 BVCES 
Plateau Voltage 


On-State Gate Charge QG(on) Ic =Icgo, VGE = 15V 
VcE=0.5BVCES VE = 20V 


Current Turn-On L = 50uH, Ic = Icgo, Rg = 252, 
Delay Time VGE = 15V, Ty = 125°C, 
Current Rise Time VcE = 0.8 BVCES 

Current Turn-Off Delay Time 

Current Fall Time | te | 
Turn-Off Energy(1) 


Current Turn-On ta(on)i L = 50nH, Io = Iog0, Rg = 252, 
Delay Time VGE = 10V, Ty = 1259C, 


UNITS 


EL B 


Collector-Emitter 3 
Saturation Voltage 
3.3 4.1 


+250 


> 


n 


7 


120 
163 


160 
212 


nc 
nc 


_ 
g > : 


—_ 
oO 


1) 
N ro) 


fey) 


ad 
oy 


8 


i.e) 


3 
ra 


3 


100 


V = 0.8 BV 
Current Rise Time CE CES 


Current Turn-Off 


150 
410 530 


Current Fall Time 680 


Turn-Off Energy(1) 
Thermal Resistance Rec 


(1) Turn-off Energy Loss (Wo44) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Icg¢ = OA) The HGTG20N100D2 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


QQ 


e (é) 


ie 


8 


S 
2 


PULSE DURATION=250us. DUTY CYCLE < 0.52. Vco=10V PULSE DURATION-250uS, DUTY CYCLE <.5Z. Te=25°C 


< 
Lol 
[+>] 
5 
@ 
e 
a 
< 


Vge = 8.5V 
Vge = BV 


Voe « 15 
a 


COLLECTOR-EMITTER CURRENT (Ice) - A 


sl 


COLLECTOR-EMITTER CURRENT (Ice) - A 


| / + — 
an (a 
a 
Tees . oo neas ~V 
Te = 26°C i. eee ee eee 
pi | 
" in i en ee 
0 — ERS Eee 
0 2 4. 6 8 10 0 2 4 6 8 10 
GATE-TO-EMITTER VOLTAGE (Vge) - V COLLECTOR-TO-EMITTER VOLTAGE (Vce) - V 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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a 
a a 


ae 


DC COLLECTOR CURRENT (Ice) - A 


75 100 
CASE TEMPERATURE (Tc) - TC 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF 
CASE TEMPERATURE 


FREGUENCY (f) = IMHz 


CAPACITANCE (C) - pF 


5 10 15 20 
COLLECTOR-TO EMITTER VOLTAGE (Vce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 
COLLECTOR-EMITTER VOLTAGE 


TJ = 160°C 


Vge = 10V 
Vge = I5V 


SATURATION VOLTAGE (VceCeat)) - V 


10 
COLLECTOR-EMITTER CURRENT (Ica) - A 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT. 


FALL TIME (tfi) - uS 


10 
COLLECTOR-EMITTER CURRENT CIce) - A 


FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
EMITTER CURRENT. 


10 


: a 
Vge—VOLTS 


ne 


IQ(REF) rye CONDS I9(R 
20 act) TIME—MICROSE 80 tact) 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 


Tj=150°C. Vge=15V. Rg=2Gchms. L=50uH 


2 
ro) 


RT 
INT \ [| i 
TIN NIT 
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i] 
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ce=400V. Vge=!0V & I5V 
ce=800V, Vge=10V 8 16V_1__| 


PUNTA PET 


Cr 


TURN-OFF SWITCHING LOSS CWoff) - aJ 


0.1 
10 
COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER CURRENT. 
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HGTG20N1700D2 


Tj=150°C, Vce=800V. L=50uH 


ie S| ae 
Ee 


TURN-OFF DELAY CtdCoff)!) - uS 


"ai 10 40 
COLLECTOR-EHITTER CURRENT (Ice) - A 


FIGURE. S. TURN-OFF DELAY AS A FUNCTION OF 


COLLECTOR-EMMITER CURRENT. 


Tj = 160° 
Eee Ss 
Dt es 


ee ee 


COLLECTOR-EMITTER CURRENT (Ice) - A 


2 3 4 
SATURATION VOLTAGE [Vce(sat)) - V 
FIGURE 11, COLLECTOR-EMITTER SATURATION VOLT. 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 OF fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/td(off)i. td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


“165V, Rg=25ohme, L=-60uH 


Qa 
@Q 


TJ-160°C, Te=75°C. V 


100 EES PRE TREN 


TV Crrrh 


dan Ai 


fmax! = .06 / tdoffl 
fmax2 = (Pd - Po) / Woff 
Pdt ALLOWABLE OISSIPATION 
Pos CONDUCTION DISSIPATION 
(Po DUTY FACTOR = 602) 
Royce a 7 C/V 


OPERATING FREQUENCY (¢ fmax)-KHz 


g 


1 
PEAK COLLECTOR-EMITTER CURRENT CIca) - A 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE. 


| 
| 
| 
| 
| 
| 


FIGURE 12. INDUCTION SWITCHING TEST CIRCUIT. 


frequency limiting condition for an application other than 
TJMAX: td(offji is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - PC)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rouc. 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pc) can be approximated by 
Po = (VCE X ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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ct HARRIS 


HGTG24N60D1 


N-Channel Enhancement-Mode 


May 1992 Insulated Gate Bipolar Transistor (IGBT) 
Features Package 
© 24 Amp, 600 Volt TO-247 
TOP VIEW 


e Latch Free Operation 
e Typical Fall Time <500ns a , 


Loy», 


—————_> EMITTER 


¢ High Input Impedance > COLLECTOR 


: o~ ———>>. GATE 
e Low Conduction Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +1500°C. C 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


IGBTs are ideal for many high voltage switching applications operating at 
moderate frequencies where low conduction losses are essential, such as: 
AC and DC motor controls, power supplies and drivers for solenoids, 
relays and contactors. 


G 
This type is supplied in the JEDEC TO-247 package. 
E 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specific 
| | HGTG24N60D1 UNITS 

Collector-Emitter Voltage... ... cece eee cece ete tee e nsec cnseeesseneeens BVCES 600 Vv 
Collector-Gate Voltage RGE = 1M... . cece cece cece cece cece eens eeee BVCGR 600 V 
Collector Current Continuous 

OTC S42 0O eiiices i loenegaueeereenehiesnediipiest Utena seaade ee waere Io25 40 A 

@VGE=15V @Tco=+909...... Sie taa iva wa eweepawe maces edeeqies Ic90 24 A 
Collector Current Pulsed(!) ......... ccc cece cee eee cece eeneeceeeeeeneeees Iom 96 A 
Gate-Emitter Voltage ContinuouS ....... cc ccc cece ccc c cree te neneeeeeenes VGES +25 V 
Switching Safe Operating Area at Ty = +1509C ........ cc cece cece nee nee SSOA 60A @ 0.8BBVCES - 
Power Dissipation Total @ TG = +259C ....... in bdis tiniwW es Wass Caan mane Rorereo Pp 125, Ww 
Power Dissipation Derating TG > +259C 2... cece cece cece ce eee e cence eeees 1.0 W/°C 
Operating and Storage Junction Temperature Range........sceceesceces Tj, TSTG -55 to +150 oC 
Maximum Lead Temperature for Soldering .........sseeceeees eiateanaeids Siete TL 260 oC 


(0.125” from case for 5 seconds) 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications HGTG24N60D1 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 


= MN Rec nln dl I 
Breakdown Voltage 

researc | - | | ee |v 
fio=viasoe | - | v9 | 25 |v 


Gate-Emitter VGE(TH) Ico = 250pA, Tco= +25°C 3.0 V 
Threshold Voltage VcE = VGE 

Gate-Emitter IGES VGE = +20V +500 

Leakage Current 

Gate-Emitter VGEP Ic =Icg90, VCE = 9.5 BVCES 

Plateau Voltage 


Delay Time VGE = 15V, Ty = 150°C, 
a ac 


(1) Turn-off Energy Loss (Woff) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Ice = OA) The HGTG24N60D1 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


Collector-Emitter VCE(SAT) 
Saturation Voltage 


PULSE DURATION-250us, DUTY CYCLE < 0.62%. Vce-I5V PULSE DURATION=260ue. DUTY CYCLE < 0.62, To=26 °C 


Te=150 °C 
Te=26 °C 


COLLECTOR-EMITTER CURRENT (Ics) - A 
COLLECTOR-EMITTER CURRENT (Ics) - A 


4.0 6. 1 2 3 4 
" GATE- EMITTER VOLTAGE (Vge) - v COLLECTOR-EMITTER VOLTAGE (Vce) - V 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG24N60D1 


VgerI5V 


DC COLLECTOR CURRENT (Ics) - A 


fe] 


5 00 
CASE TEMPERATURE (Tce) - C 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF 


CASE TEMPERATURE 


FREQUENCY Cf) = 1MHz 


5 8 8 & 


CAPACITANCE (C) - pF 


5 10 15 20 
COLLECTOR-EMITTER VOLTAGE (Vce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 
COLLECTOR-EMITTER VOLTAGE 


SAURATION VOLTAGE CY¥caCsat)] - V 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT. 


COLLECTOR EMITTER VOLTAGE (Yge) - V 
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10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
EMITTER CURRENT. 


RL=30.0 ohme 
Ig(REF)=1.830 mA 
Vge=10V 


SATE EMITTER VOLTASE (Yge) -V 


Ig(REF) : Ig(REF) 
Igcact) «<P NE Kt) - ue BO acT5 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 
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FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER CURRENT. 


HGTG24N60D1 


TJ-150°C, Rge-26ohme, L-500uH 


Vco=480V, Vgo-{0V 
Vce=480V., Vge-I5V 


= Yoe=240V, Vgo=10V 
Vcen240V, Vge=!5V 


TURN-OFF DELAY CtdCoff)i) - ns 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMMITER CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 OF fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/td(off)i. td(offyi deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 
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o 
im] 
o 
Cc 
= 


fmax| = 0.06 
{max2 7 (Pd -Po) / Volt 
Pd ALLOVABLE DISSAPATION 
Pot CONDUCTION DISSAPATION 
(Po DUTY FACTOR ~ 602) 


OPERATING FREQUENCY ¢ fmax)-KHz 


10 
PEAK COLLECTOR-EMITTER CURRENT CIce) - A 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE 


frequency limiting condition for an application other than 
TJMAX: td(off)i iS important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - PC)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rouc. 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pc) can be approximated by 
Pc = (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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@HARRIS HGTG24N60D1D 


‘ 


N-Channel Enhancement-Mode Insulated Gate 


May 1992 Bipolar Transistor (IGBT) with Anti-Parallel Ultra-Fast Diode 
Features Package 
e 24 Amp, 600 Volt TO-247 
TOP VIEW 
e Latch Free Operation 
¢ Typical Fall Time <500ns (OE TAR 


¢ Low Conduction Loss see 


e With Anti-Parallel Diode 


* trr < 60ns 


Description Terminal Diagram 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only C 
moderately between +25°C and +150°C. The diode used in parallel with 

the IGBT is an ultrafast (tr; < 6Ons) with soft recovery characteristic. 


N-CHANNEL ENHANCEMENT MODE 


The IGBTs are ideal for many high voltage switching applications operating 

at frequencies where low conduction losses are essential, such as: AC and G 
DC motor controls, power supplies and drivers for solenoids, relays and 

contactors. 


This type is supplied in the JEDEC TO-247 package. . E 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specific 


HGTG24N60D1D UNITS 

Collector-Emitter Voltage... ... cece cece cence ec eneee Reel ade ta deta, oe BVCES 600 V 
Collector-Gate Voltage RGE = 1MD ..... cece cee cece cece e eee eeeeees BVCGR 600 V 
Collector Current Continuous 

OS 2 ais t Sears eda ansceweatn tesa atau yurescuvnn enous IC25 40 A 

GTS FO0e cise trates veoh eves ns peta beeen eee saa eee weanians Ic90 24 A 
Collector Current Pulsed(1) ...... ccc ccc cece cece ec eeeecuceeecteeeeeees .lom 96 A 
Gate-Emitter Voltage ContinuOUS ........ cc cece cence cece neve cnc eeeeees VGES £25 V 
Switching Safe Operating Area at Ty =+1509C 2.0... . cece cere eee e eee SSOA 60A @ 0.8BVCES - 
Diode Forward Current 

@ TG eee ai hee Siw vn baie ee Gees. awe s aKa Nee ES OO Rae's lfo5 40 A 

COM Vepers nee te eee eee ee ee ee ee ee ee lf90 24 A 
Power Dissipation Total @ TG = +2590 2... cc ccc cece eee e eee e cece eee eeeeees Pp 125 W 
Power Dissipation Derating TG > +259C ........... niuid aca tude ta oan wee Ns . 1.0 W/°C 
Operating and Storage Junction Temperature Range........cecceccececs Tj, TSTG -5§5 to +150 oC 
Maximum Lead Temperature for Soldering .........ccccececcccccseveeceecees Th 260 oC 


(0.125” from case for 5 seconds) 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 — 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I. C. handling procedures should be followed. File Number 2 7 9 7 1 
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Specifications HGTG24N60D1D 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTICS SYMBOL TEST CONDITIONS 


Collector-Emitter Io = 280pA, Vag = OV 
Breakdown Voltage ~ 


Collector-Emitter ICES VcE = BVcEsS To = +25°9C 
Leakage Voltage 
= VCE = 0.8 BVCEs | Tc = +125°9C 
Collector-Emitter To = +25°9C 
Saturation Voltage 
To =+125°9C 


Gate-Emitter VGE(TH) Io = 250pA To= +25°9C 3.0 
Threshold Voltage VcE =VGE 


Gate-Emitter 
Leakage Current 


Gate-Emitter 
Plateau Voltage 


On-State Gate Charge 


Current Turn-On td(on)i L = 500pH, Ic = Icgo, Rg = 252, 
Delay Time VGE = 15V, Ty = 150°C, 

Current Rise Time VCE = 0.8 BVCES 
Current Turn-Off 

Current Fall Time 

Turn-Off Energy(1) 

Thermal Resistance (FG BT) 


Thermal Resistance Diode 


Diode Forward Voltage 


Diode Reverse Recovery Time tre lEC = 24A, di/dt = 100A/us 


(1) Turn-off Energy Loss (Wo ff) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Icg = OA) The HGTG24N60D1D was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 
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PULSE ODURATION-260ue, DUTY CYCLE < 0.62%. VYoo-I6V 


30.0 


20.0 


10.0 


To-160 C 


COLLECTOR-EMITTER CURRENT (Ica) - A 
COLLECTOR-EMITTER CURRENT (Ics) - A 


0.0 
0.0 2.0 4.0 6.0 8.0 10.0 { 2 3 4 
GATE-EMITTER VOLTAGE (Vge) - V COLLECTOR-EMITTER VOLTAGE (Vce) - V 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG24N60D1D 


Vgerl5V Voe-480V, Yge=10V 8 16Y, TJ-160 °C, Rge-26ohme. L~500uH 

_ psa aS a 
. oe alee 
¢ 
E “1 ee a 
eo 
De i 700 
: i eas Se oe ae 
é ie a Se ey 
3 i pee 
[ 2S | 
: ees A (ES) fas eo 
= hs We oe 
: el ee eae es 
J rT 
2 200 
: ke aoe 
. ee ced 

0 
76 100, 1 10 40 
CASE TEMPERATURE (To) - ~C PEAK COLLECTOR-ENITTER CURRENT CIce) - A 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
CASE TEMPERATURE EMITTER CURRENT. 


FREQUENCY (f) = IMHz 


RL=30.0 ohme 
Ig(REF)=1,830 mA 
Vge~10V 


COLLECTOR EMITTER VOLTAGE (Ygs) - V 


i) 5 10 16 20 BB Ag(REF) . Ag (REF) 
COLLECTOR-EMITTER VOLTAGE (Voce) - V eCjgcnct)  « MES82 > te BOT CRT 
FIGURE 5. CAPACITANCE AS A FUNCTION OF FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT. 
COLLECTOR-EMITTER VOLTAGE CONSTANT GATE CURRENT. (REFER TO 


APPLICATION NOTES AN7254 AND AN7260.) 


SAURATION VOLTAGE (Yce{sat)] - V 


TURN-OFF SWITCHING LOSS (Woffi) - mJ 


10 i 10 40 
PEAK COLLECTOR-EMITTER CURRENT CIce) - A PEAK COLLECTOR-EMITTER CURRENT CIce) - A 
FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF. FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
COLLECTOR-EMITTER CURRENT. OF COLLECTOR-EMITTER CURRENT. 
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GATE EMITTER VOLTAGE (Yge) -V 


TURN-OFF OELAY CtdCoff)i) - 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


Tj-160°C, Rge~26ohme, L-500uH 


Voo=480V, Vgo-10V 
~ Voo=480V, Vge~16V 


HGTG24N60D1D 


fnax2 7 (Pd -Po) / Voff 


Pd? ALLOVABLE DISSAPATION 
Pot CONDUCTION DISSAPATION 


(Po DUTY FACTOR = 602) 


OPERATING FREQUENCY ( fmax)-KHz 


PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 


COLLECTOR-EMMITER CURRENT. 


FORWARD CURRENT (A) 


1 
0.2 O04 O.6 O.8- 1.0 


COLLECTOR-EWMITIER CURRENT AND 
VOLTAGE. 


12 1.4 1.6 1.8 


FORWARD VOLTAGE DROP (V) REVERSE VOLTAGE (V) 


FIGURE 11. FORWARD VOLTAGE vs FORWARD CURRENT FIGURE 12. REVERSE VOLTAGE vs REVERSE CURRENT 


CHARACTERISTIC. 


CHARACTERISTIC. 


ter, ta 7 tb (ns) 


FIGURE 13. TYPICAL tr,, ta, tp Vs FORWARD CURRENT 
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HGTG24N60D1D 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 Or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/td(offyi- td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
. possible. tg(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX: td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - Pc)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (Tymax — Tc)/ReJc. 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pc) can be approximated by 
Po = (VcE X IcE)/2. Wott is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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it HARRIS 


HGTM24N60D1 


N-Channel Enhancement-Mode 


May 1992 insulated Gate Bipolar Transistor (IGBT) 
Features Package 
© 24 Amp, 600 Volt TO-204AA 
Scie BOTTOM VIEW 
e@ 
atch Free Operation ene COLLECTOR 
¢ Typical Fall Time <500ns J (FLANGE) 
e High Input Impedance 
¢ Low Conduction Loss 6H 
Description GATE 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


moderately between +25°9C and +1509C. 
IGBTs are ideal for many high voltage switching applications operating at 
moderate frequencies where low conduction losses are essential, such as: 
AC and DC motor controls, power supplies and drivers for solenoids, 
relays and contactors. Go 
This type is supplied in the JEDEC TO-204AA package. 
e 
E 
cc 
uu 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specific 2 
HGTG24N60D1 UNITS arr <= 
_ 
= 
CONECIOr-EMIMEr VONAGE. a'eiiaie sea wcie aigieiecdtrna ain ea/e'wo aie cinie'nne o's ed eiae aii BVCES 600 V = cc 
Collector-Gate Voltage RGE = 1M... cece cece ccc e eee e eee e eee e eens BVCGR 600 V = =| 
Collector Current Continuous a 
ONG S25 hrc oss ch hae pus Oeaaas da eee D el a msemewkiaeniarnt Ic25 40 A = 
@VGEH=15V (C16 Ha 4190 0 oe a ewiosate deni tec mceivnraea tage aradeaacan Ic90 24 A 
Collector Current Pulsed(1) 00.0... ccc cece cece cece cee e cee ceneseuseeeeeees ICM 96 A 
Gate-Emitter Voltage COntinuOuS ........ cece cece cece renee sneer een cennes VGES +25 V 
Switching Safe Operating Area at Ty = +150°C ..... ccc cee cece eee eee SSOA 60A @ 0.BBVCES - 
Power Dissipation Total @ To = +259C .. cece cece cece tee e eee eeeeees Pp 125 W 
Power Dissipation Derating TG > +259C 21... cece cee cece net ee ene eeneees 1.0 W/°C 
Operating and Storage Junction Temperature Range........eseseeceeens Tj, TSTG -55 to +150 oC 
Maximum Lead Temperature for Soldering ......... ccc eee e ccc c ee sen cree ceees TL 260 ie) 


(0.125” from case for 5 seconds) 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 2°98 32.1 
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Specifications HGTM24N60D1 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTICS SYMBOL TEST CONDITIONS 
Collector-Emitter BVcES Ico = 250nA, VGE = OV . V 
Breakdown Voltage | 


Leakage Voltage 
VCE(SAT) 


Tenstasec |e ’ 
Gate-Emitter VGE(TH) Io = 250nA, To= +25°C 3.0 V 
Threshold Voltage VcE = VGE 
Gate-Emitter IGES VGE = +20V 
Leakage Current 
Gate-Emitter VGEP Ic =Ico90, VCE = 0.5 BVCES 
Plateau Voltage 
On-State Gate Charge. Q&(on) eel 
Current Turn-On td(on)i L = 500nH, I¢ = ICgo, Rg = 252, 
Delay Time VGE = 15V, Ty = 1509C, 


Collector-Emitter 
Saturation Voltage 


_| Current Fall Time 
a Se | 


(1) Turn-off Energy Loss (Wo5f) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Ice = OA) The HGTM24N60D1 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


40.0 PULSE DURATION=250us, DUTY CYCLE < 0.5%, Vce~I5V 


30.0 


20.0 


COLLECTOR-EMITTER CURRENT (Ics) - A 
COLLECTOR-EMITTER CURRENT (Ics) - A 


10.0 4 
Te={50 C 
To=26 °C 
05.0 2.0 4.0 6.0 8.0 10.0 1 2 3 4 
GATE-EMITTER VOLTAGE (Vge) - V COLLECTOR-EMITTER VOLTAGE (Vce) - V 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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DC COLLECTOR CURRENT (Ice) - A 


HGTM24N60D71 | 


76 00 ‘ 
CASE TEMPERATURE (Tc) - C 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF 


CAPACITANCE (C) - pF 


SRURATION VOLTAGE CYcs(sat)] - V 


s & 8 & 


CASE TEMPERATURE 


FREQUENCY (f) = 1IMHz 


5 10 15 
COLLECTOR-EMITTER VOLTAGE (Vce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 
COLLECTOR-EMITTER VOLTAGE 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT. 


COLLECTOR EMITTER VOLTAGE (Vgs) - V 
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Yco-480V. Vgo{0V 8 16Y. TJ<-160 PC, Rgo=26ohme. L=600uH 
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10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 


EMiTtonm CURRENT, 


g 


g 


AT 


8 


RL=30.0 ohme 
Ig(REF)=1.830 mA 
Vge=10V 


Ig(REF) j Ig(REF) 
OT SCACT) TIME C(t) ue 80 IgtAct) 
FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 


TJ-150 °C, Rge-250hme, L=600uH 


Voe-240V. Vge=10V & 16V 
Vce=4AB0OV. Vge=10V & IBV 


= 
= 
a 
EaoReESceT 
eee 


TURN-OFF SWITCHING LOSS (Woffid - mJ 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION. 
OF COLLECTOR-EMITTER CURRENT. 


GATE EMITTER VOLTAGE CYge) -V 
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HGTM24N60D1 


Tj-!50°C, Rge-26chme, L-600uH 


Vce=480V, Vge=10V 
Vce~480V., Vge=I5V 


Vce=240V. Vge~l0V 
Vce=240V. Vge=I5V 


TURN-OFF DELAY CtdCoff)i] - ns 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMMITER CURRENT 


Operating Frequency Information 


Operating frequency information for a_ typical device 


(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
. frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 OF fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/td(offyi. ta(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


{max2 “ (Pd -Po) / Voff 


Pd: ALLOVABLE DISSAPATION 
Pot CONDUCTION DISSAPATION 


(Po DUTY FACTOR = 602) 


OPERATING FREGUENCY (¢ fmax)-KHz 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE 


frequency limiting condition for an application other than 
TJMAX: ta(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - PC)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc: 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pq) can be approximated by 
Pc = (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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it HARRIS 


HGTA32N60E2 


N-Channel Enhancement-Mode 


May 1992 Insulated Gate Bipolar Transistor (IGBT) 
Features Package 
e 50 Amp, 600 Volt MO-093 (5 LEAD) 
¢ Latch Free Operation eee 
¢ Typical Fall Time - 620ns COLLECTOR 
(TAB) 5 EMITTER 
e High Input Impedance pOiterono 


| = 


e Low Conduction Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the Terminal Diagram 

best features of MOSFETs and bipolar transistors. The device has the high 

input impedance of a MOSFET and the low on-state conduction loss of a N-CHANNEL ENHANCEMENT MODE 
bipolar transistor. The much lower on-state voltage drop varies only C 

moderately between 25°C and 150°C. 


IGBTs are ideal for many high voltage switching applications operating at 


frequencies where low conduction losses are essential, such as: AC and . G 
DC motor controls, power supplies and drivers for solenoids, relays and 
contactors. EMITTER 
; KELVIN 
This type is supplied in the JEDEC TO-218 (5-lead) package. 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
HGTA32N60E2 UNITS pe 

Collector-Emitter Voliage és sccasedceseucrdscedeesenseessacuasies sees BVCES 600 V = 
Collector-Gate Voltage Rgg =1MN...... Ai ap  let Warulcig ibcasther dg jaceates Se VcGcR — 600 V a 
Collector Current Continuous a= 

GN 200C acticin ton autsanteNeenslanans Rhu tedeiredeteetecs loos 50 A ui oe 

@Vge = 19V; G16 = 9096 si sos eennsaisswn eau ceden eer ieeensecaageets Ic90 32 A Se 
Collector Current Pulsed (1) oo... oe cece ccc cece cece cece ccececeveueeces ICM 200 A a2 
Gate-Emitter Voltage ContinuouS........ ccc ccececcececeeeeceeseeusees VGES +20 V => 
Gate-Emitter Voltage: Pulsed s ciiccs:0o eects ei ctasea das ae wae Mawnan VGEM +30 V ca 
Switching Safe Operating Area Ty = +1 50°C SptiatGaereceamnaod atic eats SSOA 200A @ 0.8 BVCES - 
Power Dissipation Total @TG = 259C «0... cece cece cece eect eee ee ee eeees Pp 208 Ww 
Power Dissipation Derating TG > 259C.. 2. cece cece cece een e eee eeeeeneeas 1.67 W/9C 
Operating and Storage Junction Temperature Range........eceeceeeees Ty TSTG -55 to +150 °C 
Maximum Lead Temperature for Soldering ......... cee ces c cece sence nscnens TL ~ 260 sl @) 
Short Circuit Withstand Time (2) 

@Vge TOY headsets Pee ee is 5S eRe Oe A ORR e Lethe eee tsc 3 us 

@Vge = 1OV oo. cece cece cece teen e nee e tence nent ene te eee eeeeeneenees tsc 15 us 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 
(2) Voge (pk) = 360V, To = 125°C, Rge = 25N 


HARRIS SEMICONDUCTOR !IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 28 33.1 
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Specifications HGTA32N60E2 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| LIMITS 
CHARACTERISTICS SYMBOL , TEST CONDITIONS | min | Typ | MAX | UNITS 


som, [vee freee Te TTT 

Breakdown Voltage 7 se 

lec Vor=088Vces|To= +1250 | - | - | 40 | ma __ 
: 


Gate-Emitter VGE(TH) =| Ic=1mA, To= +25°C 3.0 
Threshold Voltagé VcE = VGE 

Gate-Emitter IGES VGE = +20V 

Leakage Current 

Gate-Emitter VGE(pl) Ic=Ic9o0, VcE = 0.5 BVCES 

Plateau Voltage 


On-State Gate Charge QG(on) Ic=Icgo0, VGE = 15V 


VCE =0.5 BVCES VGE = 20V 


Current Turn-On td(on)i L = 500pH, Ig = Iogo, Rg = 252, 100 
Delay Time VGE = 15V, Ty = 125°C, 


Collector-Emitter 
Saturation Voltage 


os 
fremainessires | Aye | 


(1) Turn-off Energy Loss (Wo¢) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Icg = OA) The HGTA32N60E2 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


PULSE DURATION=250us, DUTY CYCLE < 0.52%. Vce=I5V a PULSE DURATION=250uS, DUTY CYCLE <.6%, To=25°C 


‘Te =|160degC 
Te = |26degl 
Te ={-40degl — 


COLLECTOR-EMITTER CURRENT (Ics) - A 
COLLECTOR-EMITTER CURRENT (Ics) - A 


2 4 8 ! 0 20 4 8 8 10 
GATE-TO-EMITTER VOLTAGE (Vge) - V | COLLECTOR-TO-EMITTER VOLTAGE (Vee) - V 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTA32N60E2 


DC COLLECTOR CURRENT (Ics) - A 


0 75 100 126 
CASE TEMPERATURE (To) - degl 


FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A 
FUNCTION OF CASE TEMPERATURE 


FREQUENCY (f) = IMHz 


ee: 


CAPACITANCE (C) - pF 


s 8 § 


o° 


5 10 165 20 
COLLECTOR-TO EMITTER VOLTAGE (Yce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR- 
EMITTER VOLTAGE 


TJ=160°C 


SATURATION VOLTAGE (YceCsat)] - V 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


FALL TIME C(tfid - uS 


Vcee—VOLTS 


0 
COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
EMITTER CURRENT 


600 


450 


300 


Vge—VOLTS 


COLLECTOR- EMITTER VOLTAGE 


Ig (REF) 


=e Ig(ACT) 


Ig(ACT) 60 
TIME—MICROSECONDS 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260). 
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FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER CURRENT 
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HGTA3S2N60E2 


TURN-OFF DELAY CtdCoff)id - uS 


10 
COLLECTOR-EMITTER CURRENT CIce) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMMITER CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 OF fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/ta(off)i- td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


fmax! = .06 / tdoff 

fmax2 = (Pd - Pc) / Woff 
Pd? ALLOWABLE DISSIPATION 
Pe: CONDUCTION DISSIPATION 
(Pe DUTY FACTOR = 60Z) 
Resp = -B°C/W 


PEAK COLLECTOR- EMITTER CURRENT (Ice) - A 


ELL Te 
Pee ere eae 
a tll ea 


De A 


OPERATING FREQUENCY ( fmax)-KHz 


00 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE 


frequency limiting condition for an application other than 
TJMAX: td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - Pc)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rouc: 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) so 
that the conduction losses (Pc) can be approximated by 

= (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 X Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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at HARRIS 


HGTG32N60E2 


N-Channel Enhancement-Mode 


May 1992 Insulated Gate Bipolar Transistor (IGBT) 
Features Package 
e 50 Amp, 600 Volt TO-247 
° Latch Free Operation TOP VIEW 
° Typical Fall Time - 600ns COnrAB) | }————. EMITTER 
e High Input Impedance L_——» ===> COLLECTOR 
f__\ ne GATE 


e Low Conduction Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the Terminal Diagram 

best features of MOSFETs and bipolar transistors. The device has the high 

input impedance of a MOSFET and tne low on-state conduction loss of a N-CHANNEL ENHANCEMENT MODE 
bipolar transistor. The much lower on-state voltage drop varies only C 

moderately between 25°C and 150°C. 


IGBTs are ideal for many high voltage switching applications operating at 
frequencies where low conduction losses are essential, such as: AC and 
DC motor controls, power supplies and drivers for solenoids, relays and 
contactors. G 


This device incorporates generation two design techniques which yield 
improved peak current capability and larger short circuit withstand 
capability than previous designs. 


E 
This type is supplied in the JEDEC TO-247 package. 
oc 
ut 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified aa) 
HGTG32N60E2 UNITS = z 
Lu 
Collector-Emitter Voltage............0005 a putida eee eres BVCES 600 Vv < = 
Collector-Gate Voltage RGE = 1M ..... cece ccc eee cece were een eceans VCGR 600 V > = 
Collector Current Continuous 25 
OTC HS 259 isc iui iy sao ts, cae erie bs Sore deisel kee en tawetee Ic25 50 A ~ = 
@Vge = 1SV, @TC = GOS ... cece een cect cere een ere ct eeneesersenes Ic90 32 A 
Collector Gurrent Pulsed OY) ced sie ag ox nwets cde sa seen eauy seaeenedervawns ICM 200 A 
Gate-Emitter Voltage Continuous & 65.5 i0:i0 ein esi 5 iii wedi a deed oe Ga nreles asin VGES +20 V 
Gate-Emitter Voliage PUISCG as. cccen weds cag eeuaees eww de WS ewes wks ews VGEM +30 V 
Switching Safe Operating Area at Ty = +1509C ....... cece eee eee SSOA 200A @ 0.8 BVCES - 
Power Dissipation Total @T¢ = 259C 2... 1. cc cece cece cere eee t ene neenceces Pp 208 W 
Power Dissipation Derating TG > 259C..... cece cece ce eee eee n teen eeees 1.67 W/9G 
Operating and Storage Junction Temperature Range..........eeeeeeeee Ty, TSTG -55 to +150 °C 
Maximum Lead Temperature for Soldering ....... 20s cece eee eee eee eeeeeeees TL ~ 260 °C 
Short Circuit Withstand Time (2) 
ON tell) A eee tsc 3 us 
@Vge NOV 5 Gece Mirth elina ts rake ee deed ceds ai ea awe tsc 15 us 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 
(2) Voce (pk) = 360V, To = 125°C, Rge = 252 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 » 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 


File Number 2828.1 
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Specifications HGTG32N60E2 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS | |} min | typ | Max | UNITS 


Collector-Emitter BVces | Ic = 250uA, Vgg = OV : Vv 
Breakdown Voltage 
Leakage Voltage 

oe VoE=08BVces|To=+12500 | - | - | 40 | mA 


Collector-Emitter VCE(SAT) To = +25°C 


turation Volt 
Saturation Voltage . To = +1250C 
Gate-Emitter | VGE(TH) Ic =1mA, To= +25°C 
Threshold Voltage VcE = VGE 
Gate-Emitter IGES VGE = +20V 
Leakage Current . 
Gate-Emitter VGE(pl) lc=Ic90, VCE =0.5 BVCES 
Plateau Voltage 


On-State Gate Charge QG(on) VGE = 15V 


VcE =0.5 BVCES VGE = 20V 


Delay Time VGE = 15V, Ty = 125°C, 


Turn-Off Energy(1) 


(1) Turn-off Energy Loss (Wo¢) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (Icg = OA) The HGTG32N60E2 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


PULSE DURATION=250ue, DUTY CYCLE < 0.5%, Voe=IBV PULSE DURATION-260uS, DUTY CYCLE <.6Z, Te-26°C 
40 ae 


20 


COLLECTOR-EMITTER CURRENT (Ice) - A 
COLLECTOR-EMITTER CURRENT (Ice) - A 


— é 


0 
0 @ 4 6 8 10 0 2 4 8 8 10 
GATE-TO-EMITTER VOLTAGE (Vge) -- V COLLECTOR-TO-EMITTER VOLTAGE (Yoe) - V 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG32N60E2 


Vgo=10V 8 I5V, TJ“150°C, Rg=2Gohme, L=60uH 


Qa 
o ioe) 
o 3 
E . 
rr = 
oe = 
% w 
om - 
z 3 
= ti 
o 
Oo 
a 
26 50 76 100 126 160 10 
CASE TEMPERATURE (To) - degl COLLECTOR-EMITTER CURRENT (Ico) - A 
FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
FUNCTION OF CASE TEMPERATURE. EMITTER CURRENT. 
er FREQUENCY (f) = IHHz ee | ic 
y Al 12 ohne 
Ig(REF)~ 2.75mA 
10v 
10000 
450 
uu 
a. 
+ 8000 
5 : 4 
S > 300 2 e 
z $ > i 
&3 4000 150 ec 
« ae 
rz) -— wo 
2000 COLLECTOR-EMTIER VOLTAGE Pr “a 
edn so & = 
1g(REF) Ig(REF) O x 
: 29 Ia(ACT) Ig(Acr) - & 
0 5 10 16 20 26 TIME—MICROSECONDS =e 
COLLECTOR-TO EMITTER VOLTAGE (Vce) - V > < 
7) 
FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR- FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT = — 
EMITTER VOLTAGE. CONSTANT GATE CURRENT. (REFER TO oO 


APPLICATION NOTES AN7254 AND AN7260). 


Ty-160°C 


SATURATION VOLTAGE ([Ycs(sat)) - V 


if) 1 Id 
COLLECTOR-EMITTER CURRENT CIcea) - A PEAK COLLECTOR-EMITTER CURRENT CIce) - A 
FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
COLLECTOR-EMITTER CURRENT. OF COLLECTOR-EMITTER CURRENT. 
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HGTG32N60E2 


Tj=1650°C, Voe=480V, L=60uH 


TURN-OFF DELAY CtdCoffdid - uS 


10 
COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7; 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 OF fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/ta(offyi. ta(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tqoff)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


fmax! = .05 / tdoff 
fmax2 = (Pd - Pc) / Woff 


Pd: ALLOWABLE OISSIPATION 
Pc: CONDUCTION DISSIPATION 
(Pe DUTY FACTOR = 6072) 
Rasc - .6°C/¥ 


OPERATING FREQUENCY ( fmax)-KHz 


8 


10 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 10. OPERATION FREQUENCY AS A FUNCTION OF 
COLLECTOR EMITTER CURRENT AND 
VOLTAGE 


frequency Limiting condition for an application other than 
TJMAX: ta(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - Pc)/Woff. the 
allowable dissipation (Pp) is defined by Pp = (Tymax - 
Tc)/Reuc. The sum of device switching and conduction 
losses must not exceed Pp. A 50% duty factor was used 
(Figure 10) so that the conduction losses (Pc) can be 
approximated by Pc = (VCE — ICE)/2. Woff is defined as the 
sum of the instantaneous power loss starting at the trailing 
edge of the input pulse and ending at the point where the 
collector current equals zero (ICE - OA). 


The switching power loss (Figure 10) is defined as 
fmax1 ~ Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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a! HARRIS 


HGTG34N100E2 


N-Channel Enhancement-Mode 


August 1991 Insulated Gate Bipolar Transistor (IGBT) 


Features Package 
e 55 Amp 1000 Volt TO-247 
‘ TOP VIEW 
¢ Latch Free Operation 
¢ High Input Impedance LL, >» COLLECTOR 
e Low Conduction Loss | _ ee 


Description 


The HGTG34N100E2* is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low on-state 
conduction loss of a bipolar transistor. The much lower on-state voltage C 
drop varies only moderately between +25°C and +150°C. 


Terminal Diagram 


The IGBTs are ideal for many high voltage switching applications operating 
at moderate frequencies where low conduction losses are essential, such 
as: AC and DC motor controls, power supplies and drivers for solenoids, 


relays and contactors. = 
*Formerly Developmental Type #TA9895 
E 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified ce 
UNITS uw 2 
— ~ 
Collector=Emitter Voltage. w,.vieas ceaweyte te seeree heakse eee aeeass BVCES 1000 V ao 
Golléctor-Gate Voltage, RG SIMs siece cas eter sas waeelc tee sasee ee ease VCGR 1000 V a= 
Collector Current Continuous rs ce 
@T 6 125°C i.c2 taasrcaneeetue eros ceeer ies eae ergaes or ren Ic25 55 A on | 
OV ge =15V 16H 49096 ots ics tu earn eee nowayeserers Sines Icg90 34 A a 
Collector Current Pulsed(1) .........ccccccccvcccccccsuncsevccvccceseenens ICM 200 A =° 
Gate-Emitter Voltage Continuous ............ ccc c cence cece see cecscess VGES +20 V ca 
Gate-Emitter Voltage Pulsed ous cx cea x aa enwes oeuees wee ealonae ewe eos VGEM +30 V 
Switching Safe Operating Area 
OT fH 10S ans aetna ote oe ols oe 4G Meee Se aak We Rea mewes ee saa SSOA 200A @ 8 BVCES - 
Power Dissipation: Total éc0% oes cais Rekacee a ¥eetk Cee sew NS oe Seb sla awaeenes Pp 
QT 28 °C atin tien tee ees a eeeV esi Maes esean ote wat ens 208 W 
Derating We 28°C canta equ can eebae teens eee ewaae wn daantannee ses 1.67 W/9C 
Operating and Storage Junction Temperature Range.............00008- Ty, TSTG -55 to +150 oC 
Maximum Lead Temperature for Soldering ....... 2.0 cece ccc cee cece eet eeeceee TL 260 oC 
Short Circuit Withstand Time(2). sc sce cow ee cet ben etawaw ede ent cee aecesee's tsc 
@Vge S1OV wes tetcsGan seek eek eeN ed Sed cane STRAe eeaeedaa aes 3 us 
QV gel OV cetiosene tn cau viesiay sen aesieceentouient ty can aheeemae anaes 10 | us 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


(2) VCE(pk) = 600V, Tg = 125°C, Reg = 252 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 © 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 9827 


Copyright © Harris Corporation 1991 
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Specifications HGTG34N100E2 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTICS TEST CONDITIONS 
Breakdown Voltage 
Collector-Emitter ICES VcE=BVcEsS To= 425°C | +25°9C 
Leakage Current oe ‘oe 0.8 IVcE=O.8BVcES To = +125°C 


Collector-Emitter VCE(SAT) =Icg0, To = +259C 
Saturation Voltage ves = 15V To = +125°C 


oh 
anath 


=Icg90, To = +25°C 
Vee 10V To = +1259C 


Gate-Emitter VGE(TH) |!c=1mA To = +259C 3.0 
Threshold Voltage VcE = VGE 

Gate-Emitter IGES VGE = +20V 

Leakage Current 

Gate-Emitter VGE(pl) Io =Io90. VcE = 0.5 BVcES. 

Plateau Voltage 


On-State Qg\(on) =IC90, VGE = 15V 
Gate Charge vee 0.5 BVCES VGE = 20V 


Current Turn-on ta(on)i L = 50pH, Io = IC90, Rg = 252), 
Delay Time VGE = 15V, Ty = +1259C 


Current Rise Time fs egies VCE = 0.8 BVCES 


Current Turn-off td(offji 
Delay Time 


Current Fall Time te | 
| Wott _| 


Turn-off Energy(1) 
Current Turn-on td(on)i L = 50yH, Io =Icg90;Rg = 252, 
Delay Time VGE = 10V, Ty = +1259C 
Current Rise Time ae ee VCE = 0.8 BVCES 
Current Turn-off td(off)i 
‘| Delay Time 
Current Fall Time Pe toy 
Turn-off suet ) 


(1) Turn-off Energy Loss Wor) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Io¢g = OA). The HGTG34N100E2 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


PULSE DURATION=250us, DUTY CYCLE < 0.57, Voo=!0V : PULSE DURATION=250uS, DUTY CYCLE <.5Z, To=25°C 


aes | 2 ae 


=a 
Vge=10V 


Ll aes 


To=150°C 
Tc= 26 (¢ 
Tc=-40 C 


COLLECTOR-EMITTER CURRENT (Ice) - A 
COLLECTOR-EMITTER CURRENT (Ics) - A 


2 4 6 , 8 2 4 8 
GATE-TO-EMITTER VOLTAGE (Vge) - V COLLECTOR-TO-EMITTER VOLTAGE (Vea) - V 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTIC (TYPICAL) 
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HGTG34N100E2 


Vge=10V 8 I6V. Tj=150°C. Rg=25ohme. L=60ul! 


2.0 
« w 
o 3 1.6 
E eae . 
— one 
= e 
tw ~ 
3 yw 
ae aed —4T ao omen game ow ons sas 
- aH 
ir Fs 
ao 
o 
o 
a 
0.0 
76 100 = 125 150 | 10 100 
CASE TEMPERATURE (Tc) - “C COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
CASE TEMPERATURE EMITTER CURRENT. 


FREQUENCY (f) = 1MHz 10.0 


7.5 


g 


5.0 


CAPACITANCE (C) - pF 


260 RL=29.4 OHMS 2.6 
Ig(REF)=4.0 mA 
Vgoe=10V 


: 


COLLECTOR EMITTER VOLTAGE (Vce) - V 
GATE EMITTER VOLTAGE (Vge) - V 


o 


“a 6 10 15 20.Ct«; 9 1atREF) 80 Tp(REF) 
COLLECTOR-T0 EMITTER VOLTAGE (Vce) - V Ctgcact) TIME Ct) - us Tg(AcT) 
FIGURE 5. CAPACITANCE AS A FUNCTION OF FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
COLLECTOR-EMITTER VOLTAGE CONSTANT GATE CURRENT. (REFER TO 


APPLICATION NOTES AN7254 AND AN7260.) 


Tj=150°C., Rg=25ohme, L=50uH 


8 
fo] 


5 
° 


Yce=400V., Vge=10V 8 I5V 
Vce=B00V., Vga=10V 8 I5V 


SATURATION VOLTAGE (Vcea(sat)) - V 
TURN-GFF SWITCHING LOSS (Woff) - mJ 


10 | 10 
COLLECTOR-EMITTER CURRENT (Ice) - A COLLECTOR-EMITTER CURRENT (Ice) - A 
FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
COLLECTOR-EMITTER CURRENT. | OF COLLECTOR-EMITTER CURRENT. 
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HGTG34N100E2 


Tj=150°C, Vce=800V, Le50ull 


TURN-OFF DELAY CtdCoff)] -us 


10 
COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT. 


COLLECTOR-EMITTER CURRENT (Ice) - A 


| 
a) 


2 J 4 5 6 7 
SATURATION VOLTAGE CVce(sat)) ~- V 


FIGURE 11. COLLECTOR-EMITTER SATURATION VOLAGE. 


Operating Frequency Information 
Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 and 
9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 Or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temperature. 


fmax1 is defined by fmax1 = 0.05/ta (off)! td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


{ = 0.05 / tdoffl 


— ‘naxx! 
f, - (Pd - Po) / Voftf{ 


max2 


__ Pd? ALLOVABLE DISSAPATION _ 


= Pat CONDUCTION DISSAPATION 
= DUTY FACTOR = 602 
— Rayo = -50°C/¥ 


OPERATING FREGUENCY ( fmax)-KHz 


Vce~800V .Vge~I6V 
Voe~400V .Vge~1 5V 


10 80 
PEAK COLLECTOR-ENITTER CURRENT (Ice) - A 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE. 


1g = 1/Rgen + 1/R GE 


| Rgen= 502 
| 
| 
| 
| 
| 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT. 


frequency limiting condition for an application other than 
TJMAX: td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp — PC)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (TJMAX ~- TC)/ReJc: 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) and 
the conduction losses (Pc) are approximated by Po = 
(VCE ® IcE)/2. Woff is defined as the sum of the instanta- 
neous power loss starting at the trailing edge of the input 
pulse and ending at the point where the collector current 
equais zero (Ice = OA). 


The switching power loss (Figure 10) is defined as 
fmax2 © Woff. Turn-on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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w HARRIS HGTB12N60D1C 
Current Sensing N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 


August 1991 


Features Package 
e 12A, 600V TS-001 (5 LEAD) 
wafe)-}(0)\) ee eee 0.272 pee ee 
e Low VCE(SAT) AU ZO coi ad Os bite eaicd We Sew imac eee eee 2.5V Typ COLLECTOR EMITTER 
© Ultra-fast POrn-On- ass cao ras eeees eis Sesee ed auleeeescs 100ns Typ & .—————F a RELVIN 
- ——————— 3 «— COLLECTOR 
° Polysilicon MOS Gate - Voltage Controlled Turn On/Off 2 ees 4 Scar 
¢ High Current Handling at +1009C ... 0... cece ccc cee 10A “— cate 


e Current Sensing Pilot 


Description 


The HGTB12N60D1C Insulated-Gate Bipolar Transistor is a MOS-gate | /erfméinal Diagram 


turn on/off power switching device combining the best advantages of pow- 
er MOSFETs’) and. bipolar transistors, and current sensing 


N-CHANNEL ENHANCEMENT MODE 


pilots. The result is a device that has the high input impedance of S 
MOSFETs and the low on-state conduction losses similar to bipolar tran- 
sistors. The device design and gate characteristics of the IGBT are also 
similar to power MOSFETs. An important difference is the equivalent 
'DS(ON) drain resistance which is modulated to a low value (ten times low- G 
er) when the gate is turned on. The much lower on-state voltage drop also : 
varies only moderately between +259C and +150°0C, offering 
extended power handling capability. S Ex 
The IGBT is ideal for many high-voltage switching applications 
operating at low frequencies and where low conduction losses are essen- 
tial, such as AC and DC motor controls, power supplies and drivers for 
solenoids, relays and contactors. 
The HGTB12N60D1C is supplied in a 5 lead JEDEC TS-001. package. = 
= 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified = ta 
oma 
HGTB12N60D1C UNITS ra 2 
Collector-Emitter Voltage (VGE = OV)... cece cc eee cece newer e erences VCES 600 Vv = 
Collector-Gate Voltage (RGE = 1M2)........ cece eee eee eee i? wacedatew ek VCGR 600 V 
Collector Current COntinuOUuS ........ ccc cc ccc cece ee cece eect es ceeeeeenees IC 
OTS 4 1000S: Sac cei iohn vein ten nartw nunecnaeaeeetaeNel Ewes aeeey 12 A 
GG S200 itn sou se acca eaciangteneamaanasaes eae neaousesee 18 
Collector Current Pulsed (1) ....... 0.0... cece cence eee ee Deh ecuat it ent Dee, Iom 40 A 
Gate-Emitter VOlage iit ise sintives encom trae eed aidlesaw eRe ea awiat sats VGE “#25 V 
Power Dissipation Total @ TG = +259 oo... cece eect e eee e teen ee eens Pp 75 Ww 
Power Dissipation Derating TG > +259C 2... eee eee ee tence eeenee 0.6 W/9C 
Operating and Storage Junction Temperature Range..........eceeceeees Tj. TSTG -55 to +150 oC 
Thermal Resistance, Junction to Case... .. cc cece eee ee tee enter eee enes Roc 1.67 OC/W 
Maximum Lead Temperature for Soldering ......... ccc cece cece ccc ccccccvecs Tk 260 oC 


(1/8 inch from case for 5 seconds) 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 
Gate control turn-off not allowed above 50A. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 932 6.1 
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Specifications HGTB12N60D1C 


ELECTRICAL CHARACTERISTICS Tc = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS aves DA UNITS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage BV ces Vee = OV, Ic = 25 pA 


Collector Cut-off Current Vce = Max. Rating 
_ Vee = OV, Te = 25° C 


Vce = Max. Rating x 0.8 
| Gate-Emitter Leakage Current lees - Vee = +20V | — | — | +500 


ON CHARACTERISTICS” 


Gate Threshold Voltage ; Veetth Vce = Vee, Ic = 250 vA | 
, Tec = 25°C 
| Tc = 150°C 


Collector-Emitter Saturation Voltage Veetsan Voe = 15 V, Ic = 10 A, Te = 25°C 
Vee = 15 V, lc = 10 A, Tc = 150°C 
Voce = 10 V, lc = 10 A, Te = 25° 


DYNAMIC CHARACTERISTICS 


Input Capacitance Cies Voce =0V 


Output Capacitance Coes | Vee = 25 V 


Reverse Transfer Capacitance Cres f= 1 MHz 


SWITCHING CHARACTERISTICS” (See Figs. 8 & 9) 


Turn-On Delay Time tation) Resistive Load, Ty = 125°C 
Rise Time t, lc = 10A, Vce = 500 V 
Turn-Off Delay Time tation Vee = 15 V 
| Fall Time tr Reion = 50 Q, Retorn = 100 2 
tr 


Turn-Off Delay Time tatorn meee ORC e lo les 

| L=45yH,lc=10A 
oe | Vce(clamp) = 500 V, Veg = 15 V 
Equivalent Fall Time trea) Reson = 502, Reon = 100.2 
Turn-Off Switching Losses Ef 


PILOT CHARACTERISTICS” ® “@ 


Pilot - Emitter Kelvin Voltage Vee = 15 Vdc, Re = 2 KQ 
Ic = 5A 


Ilc=10A 
lc =20A 


Applies for 3.3°C per watt maximum thermal resistance, case-to-ambient. 
Pulse test: Pulse widths < 300 ys, duty cycle < 2%. 

Refer to Fig. 10. 

‘When Not in Use Connect Ep to Emitter. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE°C 


COLLECTOR CURRENT. Ic, AMPERES 


EMITTER PILOT — EMITTER REF VOLTAGE (VOLTS) | 


HGTB1I2N60D1C 


COLLECTOR TO EMITTER VOLTAGE, Vc_e, VOLTS 


Fig. 1 - Typical output characteristics. 


OC COLLECTOR CURRENT, lo AMPERES 


Fig. 3 - Maximum allowable case temperature vs. 
DC collector current. 


EMITTER CURRENT (AMPS) 


. 5A - Typical emitter pilot characteristics 2 Kohm pilot resistor. 
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NORMAUZED TO 25°C 


COLLECTOR CURRENT, Ic, (AMPERES) 


PEAK COLLECTOR CURRENT. lom AMPERES 


VGE = 15V 
MAXIMUM PULSE WIOTH = 300 usec 
MAXIMUM OUTY CYCLE = 2% 


0 1 2 3 4 
COLLECTOR-EMITTER SATURATION VOLTAGE, VcE(SaT). VOLTS 


Fig. 2 - Typical collector-emitter saturation voltage. 


VGE(TH) 
BVcES 


VCE(SAT) 
@10A 


VCE(SAT) 
@iA 
VCE(SAT) 


Y10A 
c VCE(SAT) ° 


BYCES @IA 


VGE(TH) 


PARAMETER 
VGE(TH) 
VCE(SAT) 
VCE(SAT) 
BYCES 


CONDITIONS 


= 250A 
= 10A, VGE = 15V 
1A, VGE = 15V 


25° TYPICAL VALUE 
4.0v 


2.5V 
TIV 
VCES RATING 


CASE TEMPERATURE. °C 


Fig. 4 - Typical temperature dependence of parameters. 


20 
Ty = 150°C 


100 


10 


0 


200 300 


400 500 
PEAK COLLECTOR-EMITTER VOLTAGE, Vce, VOLTS 


0 


Fig. 5B - Turn-off safe operating area. 


INTELLIGENT 


DISCRETES 


I¢ COLLECTOR CURRENT. (AMPERES) 


HGTB1I2N60D1C 


GED “Sih 


TS STONE ins 
oan mas SSUES 


ES 


—— 
_—— Tos —_—— 
—+ SSS SESS 


OST 


tt PSSST 


| ETERS Se 


Veg: aces VOLTAGE, (VOLTS) 


Fig. 6 - Turn-on safe operating area. 


ERATOR 


Roen = 50 


S1 SWITCH POSITION 1 CLAMPED INDUCTIVE LOAD 


2 RESISTIVE LOAD 
R ss (RceN + ie PULSE WIDTH 60us VCC 
GON)" Reen + Rs + 
L-Ic MAXIMUM 
PULSE WIDTH 


Fig. 8 - Basic switching test circuit. 


ICL7667 | 


— +— 
aE iz — oo ote 1am ul HAT 
=ae COC Guam mm! Er tt 
tht ‘neni 


mina 
| alee 
a — 
== 
em) 


TRANSIENT THERMAL IMPEDANCE, °C PER WATT 


PULSE WIDTH, SECONDS 


Fig. 7 - Maximum transient thermal impedance. 


“-- 90% 


ime taott) 
_. 


tayon) i 
.-— ti 
“ue VCE (CLAMP) “77? 


VCE 


INDUCTIVE LOAD 
(WAVEFORMS NOT TO SCALE) 


RESISTIVE LOAD 


Fig. 9 - Switching waveforms. 


RP (PILOT 
RESISTOR) 


Fig. 10 - Typical circuit utilizing the emitter pilot for 
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it HARRIS 


RLP1NO8LE 


Current Limited ESD Protected N-Channel 


May 1992 Enhancement-Mode Power Field-Effect Transistor 
Features Package 
e 1A, 80V TO-220AB 
TOP VIEW 
* TDS(ON) = 9.752 
e| £49500 Css ene cei Genes heat katextmecieees 1.54M DRAIN ca 
LIMIT 4 ax (FLANGE) ————————— ore 
¢ Built-In Current Limiting L, — GATE 


e ESD Protected 
¢ Controlled Switching Limits EMI and RFI 
° Specified for +150°C Operation 


e Temperature Compensated Spice Model Provided Terminal Diagram 
Description N-CHANNEL ENHANCEMENT MODE 
The RLP1INO8LE is a semi-smart monolithic power circuit which 
incorporates a lateral bipolar transistor, two resistors, a zener diode, and a 
PowerMOS transistor. Good control of the current-limiting levels allows 
use of these devices where a shorted load condition may be encountered. G 
“Logic level” gates allow this device to be fully biased on with only 5 volts 
from gate to source. The zener diode provides ESD protection up to 2kV. 
These devices can be produced on the standard PowerMOS production 
line. 
The RLP-series types are supplied in the JEDEC TO-220AB plastic 
packages. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified Ean 
pay bed 
RLP1NO8LE UNITS = ta 
Drain-Source Voltage: s.0i0 tance cater ee eeearesvesetwedds eves uecwade Voss 80 | V ry by 
Drain-Gate VONAGE: picid oney dias canwa cane tert aneer ake dauen ance us VpGR 80 V =o 
Gaté- Source Voltage Cnc cee esa Gw own wine a dias hee eaa WN Seaweeds Ves 5.5 V 
Reverse Voltage Gate Bias Not Allowed 
Electrostatic Voltage at 1OOpF, 15002 .. 1... ccc cece cece ect e ete ee eens ESD 2 kV 
Drain. Current, CONURUOUS oceadiawneeeeceeea en Petes oe eel san wee eS Gee eas ID Self Limited 
Power Dissipation Total @ TG = +259C 2... cece cece cece cece eee eeeeeeneeees Pp 75 W 
Power Dissipation Derating To > +259C ow... cc eee cece cece ete ence ee eees 0.24 W/°C 
Operating and Storage Junction Temperature Range...........ceeeeeeee Tj, TSTG -55 to +150 oC 
(1) May be exceeded if current is limited to 10mA. 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 92 52.1 


Copyright © Harris Corporation 1991 
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Specifications RLP1NO8LE 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS cms 


Drain-Source Breakdown Voltage BVoss lo = 0.25 mA, Ves =0 V 
Gate Threshold Voltage Ves(th) Vas = Vos, Ip = 0.25 mA 


UNITS 


V 


: Vos = 65 V, Ves =O V 
Zero-Gate Voltage Drain Current lpss Te= 150°C 
Gate-Source Leakage Current loss Vas = 5 V, Te = 150°C 


= 1 = V 
On Resistance ros(on) Ip : aps - 
= 
Limiting Current los(Lim) Vos i ee 5V 
c= 


Turn-On Time t(on) 
SaaS St Ape eater 
Turn-Off Delay Time taloff) Mie= Bis Bes oe 
R1= 309 
Fall Time tr 
Turn-Off Time t(off) | 
Plateau Voltage V(plateau) Ib=1A, Vos = 15 V 


Thermal Resistance, Junction-to-Case Rgic 
Thermal Resistance, Junction-to-Ambient Rgua 


Electrostatic Voltage ESD Human Model (100 pF, 1.5 kQ) 


1.5 


°C/W 


ST Rl ol~ lot -|2 . 
“a lon|t ; a a : 
Sl lent [ay [em onl ot 


ak | ot 
— —_ . . a 
— 160 


< 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
LIMITS 


CHARACTERISTIC TEST CONDITIONS 
isn Pan | wa 


Diode Forward Voltage ara AE Cee Dec 
Reverse Recovery Time ee) ee 7 eee (el 


= 
=) 
Ld 
Zz 
Yt 
=i Pe 
| te ui 
a 
r fatal ; 
PS : 5 
z N Re I 3 
z } 
oc ha! 6 
& 3 Eee eee a ee - 
Eee, eee 1 ee ee Be <q 
oO 0 eee a 
z OS NN SS a a 
< eee ee PSN v 
O eee ee nN fs) 
Neg ee ee ll | | w 
ae ae ie § 
a 
pss 
» 10 100 
DRAIN-TO-SOURCE VOLTAGE (ds)-V CASE TEMPERATURE (TC}-degC 
SOAGLPINOBCF4 
Fig. 1 - Safe-operating-area curve. Fig. 2 - Normalized power dissipation vs. temperature 


derating curve. 


RLP1NO&8LE 


Vgs=Vds id=250uA Vgs=5V |d=1A 


uJ 
[e) 
> 
a Ee 
iD ay wo 
oO « 
cr Q 
es N 
Bi = < 
3 : 
a z 
: 
x 
oO 
=z 
JUNCTION TEMPERATURE (Tj-degC JUNCTION TEMPERATURE (Tj)-degC 
GTHTA9756CF4 ROSTA9756CF4 
Fig. 3 - Typical normalized gate-threshold voltage. Fig. 4 - Normalized rps(on) vs. junction temperature. 
-55degC 25degC 150degC 
< 
' 
‘e wa 
3 S 
= : 
ag 3 
c 
5 ff 
o oa 
z s 
Fa 5 
3 z 
ud 
= Fa 
< 
b a 
=z 
{eo} 
GATE-TO-SOURCE VOLTAGE (Vgs)-V DRAIN-TO-SOURCE VOLTAGE (Vds)-V 5 ” 
VGSTA9756CF4 SATTA9756CF4 Liu = 
Sw 
Fig. 5 - Typical transfer characteristics. Fig. 6 - Typical saturation characteristics. =| Se 
Li 
pema s 
za 
Pulse Duration=80us Vds=10v Vgs=5v 
2.0 
LW > 
On 
53 > 45 
og iy] 
75) a a 
Qu 3 
1 O 
Zé z 
zo S10 
as g 
38 z 
=< = 
© a 3 5 
oa 9 
0 
=50 0 50 100 150 
JUNCTION TEMPERATURE (Tj-degC CASE TEMPERATURE (Tc)-degC 
. BVDSSTA9756CF4 IDTAS756CF4 
Fig. 7 - Drain-source breakdown voltage vs. temperature. Fig. 8 - Normalized current limit vs. temperature. 


CRSS CISS 


RLP1NO8LE 


Coss 


Vgs=0V FREQUENCY ()=1MHz 


3 
|---| 
ane 


aA 
HEREREEE 


5 Ps) fd 
S 300 
gy EIN fad Ls 
2 + 
: ot ee 
= 200 
< 
: Lod eee 
i ee 
—j— 
5 i Pies eee caer eee 
5 10 15 20 25 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
CAPGLPINOBLCF4 


Fig. 9 - Typical capacitance vs. voltage. 


VDD 


Vps 


Fig. 10 - Switching test circuit. 


Temperature Dependence of Current Limiting and Switching Speed 


The RLP1NO8LEis a monolithic power device which incor- 
porates a Logic Level PowerMOS transistor with a resistor 
in series with the source. The base and emitter of a lateral 
bipolar transistor is connected across this resistor, and the 
collector of the bipolar transistor is connected to the gate 
of the PowerMOS transistor. When the voltage across the 
resistor reaches the value required to forward bias the 
‘emitter base junction of the bipolar transistor, the bipolar 
transistor “turns on’. A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor to drive the gate of the PowerMOS 
transistor to a voltage which just maintains a constant 
current in the PowerMOS transistor. Since both the 
resistance of the resistor in series with the PowerMOS 
transistor source and the voltage required to forward bias 
the base emitter.junction of the bipolar transistor vary 
with the temperature, the current at which the device lim- 
its is a function of temperature. This dependence is shown 
in Figure 8. 


APPLIED VOLTAGE Wds)-V 


hf) 
= 


on 
REE Ad Rose = 80°C 

Peery eee aaeas: 

OS 50 75 


AMBIENT TEMPERATURE-degC 


The resistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 


DC Operation of the RLP1NO8LE 


The limit on drain-to-source voltage for operation in cur- 
rent limiting on a steady state (dc) basis is shown as Fig- 
ure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 


: This device, like most PowerMOS devices today, is limited 


to 150°C. The maximum voltage allowable can, therefore. 
be expressed as: 


(150 - Tambient) 


Vs = poh Sit Se eae ade lactetaed Sie 
liim (Resc + Re) 


HEATSINK THERMAL RESISTANCE~{ HSTR ) 


Ty = 150°C 
ILim = 1.5 A 
Reyc = 4.17°C/W 


2 150 


CLTAS756CF4 


Fig. A - DC operation in current limiting. 
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Specifications RLP1NO8LE 


Duty Cycle Operation of the RLP1NO8LE 


In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The 
copper header on which the RLP1NO8LEis mounted has a 
very large thermal storage capability, so for pulse widths 
of less than 100 milliseconds, the temperature of the 

header can be considered a constant case temperature 
calculated simply as: 


Tc = (Vsp.* Ip * D * Reca) + Tambient 


4 Ty = 150°C, ILim = 1.5.4, Raye = 4.17°C/W MAX. PULSE WIDTH=100Meec 


Generally the heat storage capability of the silicon chip ina 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 150°C 
and using the Tc.calculated above, the expression for max- 
imum Vsp under duty cycle operation is: 


DRAIN-TO-SOURCE VOLTAGE 


_ 150 -T. 
SD= tim” D* Raic AMBIENT TEMPERATURE-degC Pee epee 
These values are plotted as Figures B1 - B5 for various heat —‘ Fig. B1 - Maximum Vps vs. ambient temperature in current limiting. 
' sink thermal resistances. (Heatsink thermal resistance = 2°C/W) 
F Ty = 150°C, thing = 1.5 A, Rage = 4.17°C/W MAX, PULSE WIDTH=100Meec Ty = 150°C, ILing = 1.5 A, Rage = 4.17°C/W MAX. PULSE WIDTH=100Msec 


DRAIN-TO-SOURCE VOLTAGE 
DRAIN-TO-SOURCE VOLTAGE 
> 
is} 


0 

25 7 125 150 a ” 

LL 
AMBIENT TEMPERATURE-degC eepaomers AMBIENT TEMPERATURE-degC eeeeel co F 
ac 
Fig. B2 - Maximum Vos vs. ambient temperature in current limiting. Fig. B3 - Maximum Vos vs. ambient temperature in current limiting. bd a 
(Heatsink thermal resistance = 5° C/W) (Heatsink thermal resistance = 10° C/W) =O 

Ty = 150°C, ILim = 1.5 A, Agyc = 80°C/W MAX PULSE WIDTH=100Mesec 


DRAIN-TO-SOURCE VOLTAGE 
DRAIN-TO-SOURCE VOLTAGE 


v3 50 75 100 125 150 
AMBIENT TEMPERATURE-degC HSGLPINOBLCE4 


AMBIENT TEMPERATURE-degC 


HS25GLPINOBLCF4 


ig. B4- Maximum Vps vs. ambient temperature in current limiting. Fig. B5 - Maximum Vos vs. ambient temperature incurrent limiting. 
(Heatsink thermal resistance = 25° C/W) (No external heatsink) 


F 


~~ 
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-RLP1NO8LE 


Limited Time Operations of the RLP1NO8LE 


Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 mil- 
liseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the lim- 
iting conditions. The variation in limiting current with 
temperature complicates the calculation of junction tempera- 
ture, but a simple straight line approximation of the varia- 
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures C1 - C5 give an accurate indi- 
cation of how long the specified voltage can be applied to 
the device in the current limiting mode without exceeding 


the maximum specified. 150°C junction temperature. In . 


practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 


Rego 4.17°C W 


O 
~ 
226 
3 
0 
{e) 
es. 4 
Ww 
= 
Ee 
2 
20 
Pheikeie Maines VOLTAGE Vds}-V vaccum 
Fig. C2 - Time to 150°C in current limiting. 
(Heatsink thermal resistance.= 5°C/W 
Heatsink thermal capacitance = 2 j/° C) 
Rose = 4.17° C/W 
8 
O 
~ 
g 6 
3 
© 
e 
til 4 
2 
- 


Fig. C4 - Time to 150° C in current limiting. 
(Heatsink thermal resistance = 25°C/W 
Heatsink thermal capacitance = 5 j/°C) 
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TIME TO 1§0degC-SEC 


TIME TO 150degC-SEC 


TIME TO 1§0degC-SEC 


Resc = 4.17°C/W 


DRAIN-TO-SOURCE VOLTAGE (Vds}-V 


Fig. C1 - Time to 150° C in current limiting. 
(Heatsink thermal resistance = 2°C/W 
Heatsink thermal capacitance = 4 j/° C) 


Rgsc = 4.17°C/W 


mein VOLTAGE (Vds)-V 
Fig. C3 - Time to 150°C in current limiting. 


(Heatsink thermal resistance = 10° C/W 
Heatsink thermal capacitance = 1 j/° C) 


SS 
| ASS | 


’ DRAIN-TO-SOURCE VOLTAGE (Vds}-V 


Fig. C5 - Time to 150°C in current limiting. 
(No external heatsink) 


RLP1NO8LE 


Spice Model (RLP1NO8LE) 


SUBCKT RLPINO8LE 2 1 3; rev 09/16/91 

“Nominal Temperature = 25°C 

.MODEL MOSMOD NMOS (VTO=1.7  KP=2.1 IS=1e-30 N=10 TOS=1 L=tu W=1u) 
Vto 21 6 0.33 

Rsource 8 7 RDSMOD 0.28 

Rdrain 5 16 RDSMOD 0.2 

-MODEL RDSMOD RES (TC1=7.54E-3 TC2=2.23E-5) 

-MODEL RVTOMOD RES (TC1=-2.23E3 TC2=-5.29E-7) 

MODEL RVTOMOD2 RES (TC1=0 TC2=0) 

Ebreak 11 7 17 18 107.3 

-.MODEL RBKMOD RES (TC1=1.11E-3 TC2=-6.83E-7) 

-MODEL DBKMOD D (RS=2.78 TRS1=-8.88E-3 TRS2=2.55E-5) 
.MODEL DBDMOD D (IS=9.91E-15 RS=3.01E-1 TRS1=3.79E-3 TRS2=1.11E-6 +CJO=4.32E-10 TT=2E-7 
Cin 6 8 3.75E-10 

Ca 12 8 6.5E-10 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3 VOFF=-1) 
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1 VOFF=-3) 
-MODEL DPLCAPMOD D (CJO=2E-10 IS=1e-30 N=10) 

Cb 12 14 6.5E-10 

-.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.65 VOFF=3.35) 
_ MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.35 VOFF=-1.65) 
Rgate 9 20 4.48E3 

Lgate 1 9 9.5E-10 

Ldrain 2 5 2.5E-9 

Lsource 3 7 2.5E-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dplcap 10 5 DPLCAPMOD 

Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 

It 8 17 1 

MOS1 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD Mz=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sia 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

“Current Limiting Control Section 

-MODEL RSMOD RES (TC1=3.2E-3) 

QControl20 8 7 QMOD 10 

-MODEL QMOD NPN (BF=5 VJE=0.5) 

“ESD Protection 

DESD 7 9 DESMOD 

-MODEL DESMOD D(BV=7.185 TBV1=3.5E-4 TBV2=2.2E-6) 

-ENDS 


INTELLIGENT 
DISCRETES 
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= HARRIS RFB18N10CS/ 
CSVM/CSHM 


Current Sensing N-Channel 


August 1991 Enhancement-Mode Power Field-Effect Transistor 
Features | | Package 
e 18A, 100V TS-001 (5 LEAD) 
TOP VIEW 
af 0)-1(0)\) eee eee Serre 0.12 
e Built-In Current Sensing Ratio .......... ccc eee e ence 1560 + 2.5% DRAIN = 5 
; | (FLANGE) 4 
e UIS SOA Rating Curve (Single Pulse) | ——— > 
e -55°0C to +1759C Operating and Storage Temperature i Barta, 
Description TERMINAL CONNECTIONS 
1 - Gat 
The RFB18N10CS, RFB18N10CSVM, RFB18N10CSHM are n-channel be iate oheaas 
enhancement-mode silicon-gate power field-effect transistors which have | 3 - Drain 
a built-in current sensing function. The current sense lead provides an i = a Kelvin 
§ -=- Source 


accurate fraction of the drain current that can be used as a feedback signal 
for control and/or protection. These devices can be repeatedly and 
economically produced on the standard PowerMOS production line. 


The RFB-series are supplied in various lead configurations of the TS-001 Terminal Diagram 


(5 lead) case style plastic package. N-CHANNEL ENHANCEMENT MODE 


Because of space limitations, branding (marking) on types RFB18N10CS, D 
RFB18N10CSVM and RFB18N10CSHM is F18N10CS. 


SOURCE 
KELVIN 
S CURRENT 
SENSE 
1810CS02 
Ss .GEM 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
RFB18N10CS UNITS 
RFB18N10CSVM 
; RFB18N10CSHM 
Drala Source Voltage ies saute ccinaenea beaver aitotaeioesvadeasiausden Vpss 100 V 
Drain=Gate Vonage 205s cue as wits ve vas cain ines ada aeemessuaen a Ke VDGR 100 V 
Gate=Source VONAGS: scalar cceiweaeuis teee tase hes coin se Rew ween eas Ves +20V V 
Drain: Current, COntinuOUs 4.5 sa as eaitou ee eswiaeene Was deraw ened wees sunt’ ID 18 A 
Drain Curent, PUIG? i... sca sceeetes Sans ierew tesa tes sex dew ase dees saaeies IDM 56 A 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve (Figure 10) 
Power Dissipation Total @ TG = +2596 2... cece cece cece cece ee eeeeencecens Pp 79 W 
Power Dissipation Derating TG > +259C 20... . cee ec e cence renee enecceneeces 0.53 ‘W/9C 
Operating and Storage Junction Temperature Range........+.eesereeee Tj, TSTG ~55 to +175 oC 
CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 2430.2 


Copyright © Harris Corporation 1992 
8-14 


Specifications RFB18N10CS, RFB18N10CSVM, RFB18N10CSHM 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = +25°C, Unless Otherwise Specified. 


CHARACTERISTICS 


Gate Threshold Voltage 


Zero Gate Voltge Drain Current VGS = OV 
VDS = 100V, Tc = 259C 
VDS = BO", Tc = 175°C 


Gate-Source Leakage Current IGSS 


Static Drain-Source On Resistance rDS(on) 


Current Sensing Ratio r ID= 14A, VGS = 10V 


Turn-On Delay Time td(on) VDS =50V 
Rise Time tr ID=14A 
Turn-Off Delay Time td(off) VGS = 10V 
Fall Time tr Rgs=120 


ID = 14A, VDS = 80V 
Total Gate Charge VGS =10V 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient ROJA 
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTICS TEST CONDITIONS 


Diode Forward Voltage ~ VSD ISD=14A 
Reverse Recovery Time trr ISD = 14A, dISD/dt = 100A/us 


INTELLIGENT 
DISCRETES 


Pulse Duration=260us, Duty Cycle=2%, Tc=25°C 


50 - - 
e, Poe he 
40 77 Tee) en eens ee 
ce os 
' Vgs=8V = 
aor ene! Aa a a (nee ar . 
o a 
ra} Vgs=7V ae 
| | ae ee o 
c S 
a = 
a 
10 
0 = 
0 10 20 x 8) 40 50 2 4 6 
DRAIN-TO-SOURCE VOLTAGE - V GATE-TO-SOURCE VOLTAGE - V 
Figure 1 - Typical output characteristics. | Figure 2 - Typical transfer characteristics. 
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FORWARD TRANSCONDUCTANCE - mho 


DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


DRAIN CURRENT - A 


NORMALIZED 


poe DURATION = 260uS, 


RFB1I8N170CS, RFB18N1IOCSVM, RFB18N10CSHM 


Pulse Duration=260us, Duty Cycle=22, To=25 


ae 3 
DRAIN-TO-SOURCE VOLTAGE - V 
Figure 3 - Typical saturation characteristics. 


10 20 
DRAIN CURRENT - A 


Figure 5 - Typical transconductance vs drain current. 


“2 0 & 50 7 100 6125 = 180 
JUNCTION TEMPERATURE - °C 


Figure 7 - Normalized breakdown voltage vs temperature. 


i 


DUTY CYCLE = 22 Vong = IOV 


DRAIN CURRENT - A 


=) 


CASE TEMPERATURE = 25°C 


10.0 ee 


KJ 100ue 
Ord 
pa ims 
a a 
ae Ge ae) 
aaa ea 
a 10me 
_——— S] OC 
ae I ST 
ieee Peewee! eee 
Sera eee Ge 
ee (amen ee 
1.0 100.0 


10.0 
DRAIN-TO-SOURCE VOLTAGE - V 


Figure 4 - Maximum safe operating area. 


(Curves must be derated linearly with increase in case temperature.) 


POWER DISSIPATION - W 


DRAIN-TO-SOURCE ON RESISTANCE 
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0 ao 60 7 ‘ 100 126 150 176 


CASE TEMPERATURE - C 


Figure 6 - Power dissipation vs case temperature derating curve. 


NORMALIZED 


In 


={0A, Veg 71 OV 


0 (a8) 60 ) 100 125 160 17 


-50 -26 
JUNCTION TEMPERATURE - °C 


Figure 8 - Normalized on-resistance vs temperature. 


CAPACITANCE - pF 


DRAIN-SOURCE ON RESISTANCE - ohms 


Vas - VOLTS 


0.15 


RFB18N10CS, RFB18N10CSVM, RFB18N10CSHM 


FREQUENCY =1 MHz 


10 
DRAIN-TO-SOURCE VOLTAGE - V 


Figure 9 - Typical capacitance vs drain-to-source voltage. 


20 30 
DRAIN CURRENT -A 


Figure 11 - Typical on-resistance vs drain current. 


Ry =7.140 


Ig(REF)=0.77mA 
Vgs = 10V 
a 


Vgs—VOLTS 


DRAIN—SOUR GE VOLTAGE _ 


Ig (REF) 
ee 80 76 (ACT) 
G TIME—MICROSECONDS G 


20 


Figure 13 - Normalized switching waveforms for constant 
gate-current. (Refer to Harris application notes 
AN7254 and AN7260.) 


100 


= | VI 


2 LY 


1 

ebro BLA 

|_| 20 ee ee . 

FN 0 GE 

Pt TN AK 
ts ee 

it eho | Hl 


= 
a 2 ee WA 
eetol {HIT | LU tia 
If REDO 
, Leave FL /RoUn§ dieAR)/1.B RATED) Biggs - Vad) 
0.01 0.10 1.00 
TIME IN AVALANCHE - mS 


Ias - A 
Baill 
i 


Figure 10 - Unclamped-Inductive switching safe operating area. 


100.0 


10.0 


am 
=) 


REVERSE DRAIN CURRENT - A 


0.0 0.2 0.4 0.6 0.8 1.0 1.2 
SOURCE-TO-ORAIN VOLTAGE - V 


Figure 12 - Typical source-drain-diode forward voltage. 


Vp TO SCOPE 


c\y 

i 
KELVIN 
SOURCE 


Figure 14 - Switching timetest circuit. 


8-17 


NT 
nil ‘ 


10.00 


20 OE 2 0 2 ee ee en ee 
2 OE 2 2 ee ee ee ee ee 


INTELLIGENT 


DISCRETES 


RFB18N10CS, RFB18N10CSVM, RFB18N10CSHM 


Ld is] = 
Ty 26°C. ly 14A 


1625 
S ba 

= 1600 f= 1600 
a w 
Lu uu 

2 Ib/ @ 1575 
Lu lw 
on (¢ 9) 

1660 1660 

1625 

1500 


) 10 1 12 
GATE-SOURCE VOLTAGE - V 


Figure 16 - Current sense ratio vs gate voltage. 


1KQ,/0.1% 


SENSE RATIO 


25 60 1 
JUNCTION TEMPERATURE - degl 


Figure 18 - Current sense ratio test circuit. 


Figure 17 - Current sense ratio vs junction temperature. 


BVnss 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


KELVIN 
SOURCE 


tay | | | = 


Figure 19 - UIS waveforms. Figure 20 - UIS test circuit. 
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BHARRIS RLELPSNOSLE 


Current Limited ESD Protected N-Channel 


May 1992 Enhancement-Mode Power Field-Effect Transistor 
Features Package 
e 5.5A, 80V TO-220AB 
TOP VIEW 
o2a!0)-1(0)\) Cee eee 0.122 
OU Teri out oenct ib Aaa ashe geist) Gaga cial 2 5.5A to 8.5A at+1500C Ppa = eeunee 
. F re __ ——* DRAIN 
Built In Current Limiting a= GATE 
© ESD ProlecieG csicciavenavieonsenwvecest ian sa entenceuewes 2KV Min 


¢ Controlled Switching Limits EMI and RFI 
e Specified For +150°C Operation 
© +175°C Rated Junction Temperature 
e Logic Levei Gaie 
Terminal Diagram 


Description N-CHANNEL ENHANCEMENT MODE 


The RLP5NO8LE is an “Intelligent Discrete” monolithic power circuit which D 
incorporates a small signal bipolar transistor, two resistors, a zener diode, 
and a PowerMOS transistor. Low Rps(ON) is achieved by the use of 
separate current sensing cells. Good control of the current limiting levels 
allows these devices to be used where it is anticipated that a shorted load 
condition may be encountered. “Logic Level” gates allow this device to be 


' fully biased on with only 5.0V from gate to source. The zener diode 2 
provides Esp protection of 2KV minimum. 
Ss 
— 
= 
Su 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified ry a 
a 
RLPSNOSLE UNITS = 
Drain-Source: Voltage. cna cend san niew ed tes eenia geen sesas cet ceau ees Voss 80 V 
Drain-Gate Voltage: ccs.c cess eiaced ee ntee Gane oak dese eise eeetnnel aes VDGR 80 V 
Gale=Souree VOlaGe wes tase Ven Ge Mee Se See SNA aT ee TAN e hs outer Vas 5.5 V 
Reverse Voltage Gate Bias Not Allowed 
Electrostatic Voltage at 1OOpF, 15002 2... ccc cece cece cece te eeces ESD 2 kV 
Drain Current, GOnUnUOUS %. 6 vain d oie skate ea sareedeieeelace ieee e cea ID Self Limited 
Power Dissipation Total @ TG = +259C 1... ccc ec ccc weet cece tence ee eneee Pp 72 W 
Power Dissipation Derating TG > +259C ... cc eee cece cece eect eee e ee eeees 0.48 W/°C 
Operating and Storage Junction Temperature Range............ee6. wee Ty, TSTG -55to+175 oC 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2A9 3.1 


Copyright © Harris Corporation 1992 
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Specifications RLP5NO8LE 


Electrical Characteristics At Case Temperature (TC = +25°C), Unless Otherwise Specified 


wed 
PARAMETERS SYMBOL TEST CONDITIONS UNITS 


fammeemena | oes eee T= Pd 
Zero Gate Voltage Drain Current Ipss Mesos iene} 
Eee 
tomes | oo 
eee ae 

CT aa AC ACT 


Turn-On Delay Time tp(ON) Ip = 5.5A 


Rise Time te Ves = 50 


Turn-Off Delay Time non Res = 26. 


Gate Source Leakage Current 


Limiting Current 


= 
oO 
Cc 
i) 


Fall Time 


Turn-Off Time — 
Plateau Voltage V(PLATEAU) Ip =7.5A Vps = 15.0V 


Thermal Resistance R8jc 

Junction to Case 

Thermal Resistance 

Junction to Ambient 

Electrostatic Voltage Human Model (100pF, 1.5k2) 
Mil-Std-883S (Category B2) 

SOURCE DRAIN DIODE RATINGS AND CHARACTERISTICS 


Reverse Recovery Time os If =5.5A 


wv 

o 
a 
Q 


—_ 
ro) 


10.01 


Operation in this area 
Ie [imited by Rdson 


EES EES EES 
operation in this tt a 


eae —— 
current IImiting a 


Ids - amp 
a 


a es Oe | 


oOo LO 


.O 
DRAIN-TO-SOURCE veces (Vds) - V aoe atte: - mh 


FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING SOA 
. (SINGLE PULSE UIS SOA) 
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RLP5NOS8LE 


Performance Curves (Continued) 


POWER DISSIPATION MULTIPLIER 


ae 
a 
y 
ne 
Ed 


ae | 
Fa FPS 
30 60 90 120 


CASE TEMPERATURE (TC)-degC 


FIGURE 3. NORMALIZED POWER DISSIPATION vs. 
TEMPERATURE DERATING CURVE 


NORMALIZED RdsCon) 


0 yas) 50 76 100 (12 SCiDs«ié*dI'KG 
JUNCTION TEMPERATURE (Tj) - degl 


FIGURE 5. NORMALIZED Rps(on) VS. 
JUNCTION TEMPERATURE 
DUTY CYCLY < 12 


a ee 

Te = 28degl re 
Pa ae ae: (ae ee 
a a eee ee 
= = fe Sees Wendy 
i / 
Ea 2 coin I aes (RE 


i £4 eel es nes 


Fe ee ee ee 
ff fit 


5 


PULSE DURATION = 260uS 


@ 


—_—_— —_ 


°o 


DRAIN-SOURCE CURRENT (Ide) - A_ 


1 2 3 4 
DRAIN-TO-SOURCE VOLTAGE (Vde) - V 
FIGURE 7. TYPICAL SATURATION CHARACTERISTICS 


Temperature Dependence of Current Limiting and 
Switching Speed Performance 

The RLPSNO8LE is a monolithic power device which 
incorporates a Logic Level PowerMOS transistor with a 
current sensing scheme and control circuitry to enable the 
device to self limit drain-source current flow. The current 


Vg 
Id 


= = = os 


= 


SO 22588 
2B RaE 


NOR. GATE THRESHOLD VOLTAGE [Vgs(th)) 


“5-2 0C<Csti‘i‘ét COCWCOHCOCaHSCéCéCHSC‘~AIS 
JUNCTION TEMPERATURE (Tj) - degC 


FIGURE 4. TYPICAL NORMALIZED GATE THRESHOLD 
VOLTAGE 


DRAIN-SOURCE CURRENT (Ide) - A 


1 2 3 4 
GATE-TO-SOURCE VOLTAGE (Vge) - V 
FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


Id=260uA 

PULSE TEST 

PULSE DURATION=250uS 
DUTY CYCLE <2z 


NOR. BREAKDOWN VOLTAGE (BVdes) 


“50 -6 oO & BO 6 10 16 I 1% 


JUNCTION TEMPERATURE (Tj) -degC 
FIGURE 8. DRAIN SOURCE BREAKDOWN VOLTAGE vs. 
TEMPERATURE 


sensing scheme supplies current to a resistor that is 
connected across the base to emitter of a bipolar transistor 
in the control section. The collector of this bipolar transistor 
is connected to the gate of the PowerMOSFET. When the 
ratiometric current from the current sensing reaches the 
value required to forward bias 


8-21 


the base-emitter 


INTELLIGENT 
DISCRETES 


RLP5NO8LE 


Performance Curves (Continued) 
2.0 


NORMALIZED DRAIN CURRENT (Id) 


0.0 
0 -6S 0 &6 8 FB 10 16 i160 If 
JUNCTION TEMPERATURE (TJ) - degl 
FIGURE 9. NORMALIZED CURRENT LIMIT vs. 
TEMPERATURE 
> 
‘a 
u 
Vds Ss 
, Ww 
wo 
rea 
— 
— 
OQ 
> 
a 
uu 
7 
a. 
a. 
< 


FIGURE 11. SWITCHING TEST CIRCUIT 


junction of this bipolar transistor, the bipolar “turns-on”. A 
resistor is incorporated in series with the gate of the 
PowerMOSFET allowing the bipolar transistor to adjust the 
_ drive on the gate of the PowerMOSFET to a voltage which 
- then maintains a constant current in the PowerMOSFET. 
Since both the ratiometric current sensing scheme and the 
base-emitter junction voltage of the bipolar transistor vary 
with temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 9. 


The resistor in series with the gate of the PowerMOSFET 
also results in much slower switching performance than in 
standard PowerMOSFETs. This is an advantage where fast 
switching can cause EMI or RFI. Switching speed is very 
predictable; a minimum as well as a maximum fall time is 
given in the device characteristics for this type. 


DC Operation of the RLP5NO8LE 


The limit of drain-to-source voltage for operation in 
current limiting on a steady state (DC) basis is shown in 
equation below. The dissipation in the device is simply the 
applied drain-to-source voltage multiplied by the limiting 
current. This- device, like most PowerMOSFET devices, 


CAPACITANCE (C) -pf 


8s 8 8 8 8 8 & 


10 15 
DRAIN-TO-SOURCE VOLTAGE (Vde) - V 


FIGURE 10. TYPICAL CAPACITANCE vs. VOLTAGE 


rs) 
AMBIENT TEMPERATURE - C 
FIGURE A. DC OPERATION IN CURRENT LIMITING 


100 125 


is limited to +1759C. The maximum voltage allowable can, 
therefore, be expressed as: 


+175°C - Tambient 


\OS=) 2 
ILIMIT X (R@9C + HSTR) 


The results of this equation are plotted in Figure A for vari- 
ous heatsinks. 


Duty Cycle Operation of the RLP5NO8LE 

In many applications either drain-to-source voltage or gate 
drive is not available 100% of the time. The copper header 
on which the RLP5NO8LE is mounted has a very large ther- 
mal storage capability, so for pulse widths of less than 1ms 
header temperature can be considered a constant. Thereby, 
junction temperature can be calculated simply as: 


Ty = (Vps x Ips x D x ROy-Amb) + Tambient 


Generally the heat storage capability of the silicon chip ina 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 
+175°C and using Tc calculated above, the expression for 
maximum Vpg under duiy cycle operation is: — 


+175°C - Tambient 
ILIMIT X D xX RO@J-ambient 


These values are plotted as Figures B1 - B6 for various 
heatsink thermal resistances. 


Vps= 


8-22 


RLP5NO8LE 


Performance Curves (Continued) 


50 


DRAIN-TO-SOURCE - V 


0 
25 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 


FIGURE B1. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 
(HEATSINK THERMAL RESISTANCE = 19°C/W) 


(Ta = +1759C, Iningiy = 5.5A, Ric = 2.0839C/W) 
M\ 


MAX. PULSE WIDTH=Imsec \ yo 
DSS x 


35 50 75 100 125 150 175 
AMBIENT TEMPERATURE - dagCl 
FIGURE B3. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 
(HEATSINK THERMAL RESISTANCE = 59C/W) 
(Ty = +175°C, ILimit = 5.5A, Ryc = 2.0839C/W) 


50 


40 


30 


7 
Z 


HAL A 


20 


DRAIN-TO-SOURCE - V 


Te 
HE 
7 
Z 


ORAIN-TO-SOURCE - V 


5 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 

FIGURE B5. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 

LIMITING. 

(HEATSINK THERMAL RESISTANCE = 259C/W) 

(Ty = +1759C, Inuit = 5.5A, Ryc = 2.0839C/W) 


ORAIN-TO-SOURCE - V 


0 
25 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 


FIGURE B2. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING 
(HEATSINK THERMAL RESISTANCE = 29C/W) 
(Ty = +1759C, ILimit = 5.5A, Ryc = 2.0839C/W) 


MAX, PULSE WIDTH=Imsec 


40 


DRAIN-TO-SOURCE - V 


o5 50 fis) 100 125 150 175 
AMBIENT TEMPERATURE - degl 
FIGURE B4. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 
(HEATSINK THERMAL RESISTANCE = 10°9C/W) 
(Ty = +1759C, ILjwit = 5-5A, Ryc = 2.0839C/W) 


INTELLIGENT 
DISCRETES 


DRAIN-TO-SOURCE - VY 


| 
duty cudiesior Cycle=Ig7 ger 
fe ea 
25 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 
FIGURE B6. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 


(NO EXTERNAL HEATSINK) 
(Ty = +175°C, ILimit = 5.5A, Ryc = 2.0839C/W) 
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RLPS5NOSLE 


Performance Curves (Continued) 


Limited Time Operations of the RLP5NO8LE - 
Protection for a limited period of time is sufficient for many 


applications. As previously stated, heat storage in the sili- © 


con chip can usually be ignored for computations of over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the 
limiting conditions. The variation in limiting current with 
~ temperature complicates the calculation of junction temper- 
ature, but a simple straight line approximation of the varia- 
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures C1 - C5 give an accurate 
indication of how long the specified voltage can be applied 
to the device in the current limiting mode without exceeding 
the maximum specified +175°C junction temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur.. 


Buy 201S 


i 


TIME TO 175 C - SEC 


2 3 4 5 6 7 8 9 10 
DRAIN-SOURCE VOLTAGE (Vds) - V 

FIGURE C1. TIME TO +175°9C IN CURRENT LIMITING 

(HEATSINK THERMAL RESISTANCE = 1°C/W, 

HEATSINK THERMAL CAPACITANCE = 8J/9C) 


TIME TO 175 C - SEC 


Bese 


2 a 4 5 6 7 8 9 10 
DRAIN-SOURCE VOLTAGE (Vds) - V 


FIGURE C2. TIME TO +175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 2°C/W, 
HEATLINK THERMAL CAPACITANCE = 4J/°C) 


TIME TO 175 C - SEC 


out 6. 
DRAIN-SOURCE VOLTAGE (Vds) - V 


FIGURE C3. TIME TO +175°9C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 5°C/W, 
HEATSINK THERMAL CAPACITANCE = 2J/°C) 


TIME TO 175 C - SEC 


2 3 ) 5 8 -, 8 Q 10 
ORAIN-SOQURCE VOLTAGE (Vds) - V 
FIGURE C4. TIME TO +175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 10°C/wW, 
HEATSINK THERMAL CAPACITANCE = 1J/9C) 


TIME TO 175 C - SEC 


(a 


ORRIN-SOURCE VOLTAGE (Vds) - V 


FIGURE C5. TIME TO +1759C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 25°C/w, 
HEATSINK THERMAL CAPACITANCE = 0.5J/9C) 
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@ HARRIS RLP1NOGCLE 


_ Voltage-Clamping Current-Limited ESD-Protected 
August 1991 N-Channel Enhancement-Mode Power Field-Effect Transistor 


Features | Package 
© 1A, 55V TO-220AB 
TOP VIEW 
© RDS(ON) -- eco ete e eect recente cee teen ences ene neneneees 0.752 
"DRAIN 7 
Al aiteceroncuewe eek eeShoswanetawes 1.1A to 1.5A Max @ +150°C (FLANGE ————— SOURCE 
e Built In Voltage Clamp _ = GATE 


¢ Built In Current Limiting 
®-EGr PIolecleG acc aiwcesakatnedicdeseacee kee ceade Samedess 2KV Min 
© Controlled Switching Limits EMI and RFI 
e +175°C Rated Junction Temperature 
e Logic Levei Gaie 
Terminal Diagram 


Description N-CHANNEL ENHANCEMENT MODE 


The RLPINO6CLE is an intelligent monolithic power circuit which D 
incorporates a lateral bipolar transistor, resistors, zener diodes, and a 

PowerMOS transistor. The current limiting of this device allows it to be 

used safely in circuits where it is anticipated that a shorted load condition 

may be encountered. The drain-source voltage clamping offers precision 

control of the circuit voltage when switching inductive loads. ‘‘Logic Level” 

gates allow this device to be fully biased on with only 5.0V from gate to G 

source. Input protection is provided for ESD up to 2KV. 


— 
= 
Lu 
: oi 
= 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified i a 
za 
RLP1NO6CLE UNITS Pe 
Didin=SOurce VOUaGe sheds soccic saad eeates tae hs eehotuatauseseweniaws es Voss 55 V 
Drain=Gate VONagG asc iai sds da tachi ata se Moar vara tawen tea twwea wy VDGR 55 V 
Gate-Souree Voltage’ 4 sokde ses chews Hotes eed niiiaseses iedasnasees VGs 5.5 V 
Reverse Voltage Gate Bias Not Allowed 
Electrostatic Voltage at TG = +2596 2. cc ccc ccc c ce eeeeseneccseneeneecs ESD 2 kV 
Drain. Current, Continuous: cs sis.<.cceueewe kena Vip seand wise nce Geer eens Ip Self Limited 
Power Dissipation Total @ TG = +259C 0... cece ce eee eect centr eens Pp 36 Ww 
Power Dissipation Derating TG > +2596 ..... cece eee cece e cee eee eeeeees 0.24 W/9C 
Operating and Storage Junction Temperature Range.........ecseeeeenes Tj, TSTG -55 to +175 oC 
* May be exceeded if current is limited to 10mA. 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 28 39 
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Specifications RLP1NO6CLE 


Electrical Characteristics At Case Temperature (Tc = +250), Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Zero Gate Voltage Drain Current 


| at Tc = +150°9C 
On Resistance RDS(ON) Ip =1A Vas = 5.0V ) 
at To = +150°C © 


IDS(Limit) Vps = 15.0V Vas = 5.0V 18 


|) @] JPEREPEEPPPEEER LE 


LIMITS 
UNITS 


70 
Gate Source Leakage Current 


7 


Limiting Current 


: 
= 


Thermal Resistance RO jC 

Junction to Case 

Thermal Resistance R8jc 

Junction to Ambient 

Electrostatic Voltage Esp Human Model (100pF, 1.5k2) 
Mil-Std-883B (Category B2) 


Source-Drain Diode Ratings and Characteristics 


PARAMETERS ; SYMBOL 


Forward Voltage Vsp 
Reverse Recovery Time TRR 


@ To = 150°C 


7.5 
4.17 OC/W 


OC/W 


LIMITS 


TEST CONDITIONS UNITS 


1 Vv 


Isp = 5.5A 


=" 
(e) 


If =5.5A 
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-RLP1NO6CLE 


Performance Curves 


CASE TEMPERATURE (Tc)=25°C 
4 aa ay a 


OPERATION IN THIS AREA 
LIMITED BY Rds(on) 


DRAIN CURRENT (Id) - AMPS 


I 
DRAIN-TO-SQURCE VOLTAGE (Vds) - VOLTS 


FIGURE 1. SAFE-OPERATING-AREA CURVE 


VgsVdg=250uAh 


_ 
e 


NORMALIZED GATE THRESHOLD YOLTAGE 
CVgsC(th)]) 


2 0 6 SS 7% 10, 
JUNCTION TEMPERATURE (Tj) - C 


FIGURE 3. TYPICAL NORMALIZED GATE-THRESHOLD 
VOLTAGE 


Vds >> I dg * R ds(on) 


ON-STATE DRAIN CURRENT CId(on)] - AMPS 


5 
GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


FIGURE 5. TYPICAL TRANSFER CHARACTERISTICS 
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POWER DISSIPATION MULTIPLIER 


! 
CASE TEMPERATURE (Tc) - °C 


FIGURE 2. NORMALIZED POWER DISSIPATION vs. 
TEMPERATURE DERATING CURVE 


NORMALIZED RdsC-on) 


-25 0 25 50 100 4 125 
JUNCTION TEMPERATURE (Tj) - ~C 


FIGURE 4. NORMALIZED rps(ON) vs. JUNCTION 
TEMPERATURE 


DRAIN CURRENT (Id) - A 


2 3 4 
_ DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE 6. TYPICAL SATURATION CHARACTERISTICS 


INTELLIGENT 


DISCRETES 


RLP1NO6CLE 


Performance Curves (Continued) 


Ip=20mA 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 


“50-25 OO 2 50 .75 100. 12 150 175 
JUNCTION TEMPERATURE (TJ) - 


FIGURE 7. DRAIN-SOURCE BREAKDOWN VOLTAGE vs. 
TEMPERATURE 


CAPACITANCE (C) - pf 


20 25 


0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


“FIGURE 9. TYPICAL CAPACITANCE vs. VOLTAGE 


Temperature Dependence of Current Limiting and 
Switching Speed 


The RLP1NO6CLE is a monolithic power device which 
incorporates a Logic Level PowerMOS transistor with a 
resistor in series with the source. The base and emitter of a 
lateral bipolar transistor is connected across this resistor, 
and the collector of the bipolar transistor is connected to the 
gate of the PowerMOS transistor. When the voltage across 
the resistor reaches the value required to forward bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor “turns on”. A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor ot drive the gate of the PowerMOS 
transistors to a voltage which just maintains a constant 
current in the PowerMOS transistor. Since both the 


PULSE DURATION=250us Vps5~!0V Vgg"5V 


"-50 0-25 0 25 50 75 100, 125 150 175 
CASE TEMPERATURE (Tc) - °C 


FIGURE 8. NORMALIZED CURRENT LIMIT vs. 
TEMPERATURE 


FIGURE 10. SWITCHING TEST CIRCUIT 


resistance of the resistor in series with the PowerMOS 
transistor source and voltage required to forward bias the 
base emitter junction of the bipolar transistor vary with the 
temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 8. 


The risistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 
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RLP1NO6CLE 


Performance Curves (Continued) 
DC Operation of the RLP1NO6CLE 


The limit of the drain-to-source voltage for operation in 
current limiting on a steady state (DC) basis is shown as 
Figure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
This device, like most PowerMOSFET devices today, is 
limited to +150°C. The maximum voltage allowable can, 
therefore, be expressed as: 


+150°C - Tambient 
ILIMIT X (R@yc +R) 


Vs= 


Duty Cycle Operation of the RLP1NO6CLE 


In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The copper 
header on which the RLP1NO6CLE is mounted has a very 


HEATSINK THERMAL RESISTANCE - CHSTR) 
Tj=175°% 
Ilim=1.35A 
RojJC-4.17°C/W 


APPLIED VOLTAGE (Yds) - V 


Raj A=80°C/W 


PE ay ees 
5 50 75 100 125 150 175 
AMBIENT TEMPERATURE - °C 


FIGURE A. DC OPERATION IN CURRENT LIMITING 


TJ =175°C 
Il im=!.36A 


Rojc=4.17 C/W 


ORAIN-TO-SOURCE VOLTAGE (Vds) - V 


25 50 75 100 (125 150 175 
AMBIENT TEMPERATURE -  C 


FIGURE B2. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 5°C/W) 
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large thermal storage capability, so for pulse widths of less 
than 100 milliseconds, the temperature of the header can 
be considered a constant case temperature calculated 
simply as: 


Tc = Vsp x !p x D x ROCA) + Tambient 


Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 
+150°C and using the Tc calculated above, the expression 
for maximum Vsp under duty cycle operation is: 


+175°9C -Tco 


VSD: j2 
ILimiT x D x ROyc 

These values are plotted as Figures B1 - BS5 for various 

heatsink thermal resistances. 


Tj2175C 
Ilim=1.35A 
Rejo=4.17°C/W 


0 
(as) 50 75 100 6 125 150 176 
AMBIENT TEMPERATURE - ~C 


FIGURE B1. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 29C/W) 


DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


MAX. PULSE WIDTH = 100ms 


Tj-175 C 
Il im=1.35A 
Rejo=4.17 C/W 


ORAIN-TO-SOURCE VOLTAGE (Vds) - V 


125 150 175 


25 50 75 100 é 
AMBIENT TEMPERATURE - C 


FIGURE B3. MAXIMUM Vpgs vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 10°C/W) 


INTELLIGENT 


DISCRETES 


RLP1NO6CLE 


-Ty=175°C 
Il tm=1.96A 
Rejo~ C/¥ 


ORAIN-TO-SOURCE VOLTAGE (Vds) - V 


SN 


sy 


2 50 75 100 12 150 175 
AMBIENT TEMPERATURE - C 


FIGURE B4. MAXIMUM Vpgs vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 25°C/W) 


Limited Time Operations of the RLP1NO6CLE 


Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to a allow easy computation on the 
limiting conditions. The variation in limiting current with 
temperature complicates the calculation of junction 
temperature, but a simple straight line approximation of the 
variation is accurate enough to allow meaningful 
computations. The curves shown as Figures C1-C5 give an 
accurate indication of how long the specified voltage can be 
applied to the device in the current limiting mode without 
exceeding the maximum. specified 175°C junction 
temperature. In practice this tells you how long you have to 
alleviate the condition causing the current limiting to occur. 


HSTR=5°C/W  -HSTC=2j/"C 


[LYBLS 


| 


=a 
@ 
—t 
m 
= 
vO 
| 


TIME TO 175°C - SEC 


5 0 I 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C2. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 59C/W 
HEATSINK THERMAL CAPACITANCE = 2j/9C) 


TJ-178C 
[lim=1.35A 
Reja=80°C/W 


ORARIN-TO-SOURCE VOLTAGE (Vds) - V 


75 ‘s 
AMBIENT TEMPERATURE - C 


FIGURE B5. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (NO EXTERNAL 
HEATSINK) 


HSTR=2°c/w  HSTC=4j /°C 


-dWal ONILYBLS 


TIME TO 175°C - SEC. 


5 20 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 
FIGURE C1. TIME TO 175°C IN CURRENT LIMITING 


(HEATSINK THERMAL RESISTANCE = 2°C/W 
HEATSINK THERMAL CAPACITANCE = 4j/9C) 


HSTR=10°C/W = HSTC=1j/°C 


RojC=4.17 C/W 


‘TIME TO 178°C = SEC 


0 5 10 15 20 25 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C3. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 10°C/W 
HEATSINK THERMAL CAPACITANCE = 1j/°C) 
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TIME TO 175°C - SEC 


RLP1NO6CLE 


HSTR=25 C/W  HSTC=5j/"C 


0 5 10 15 20 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C4. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 25°C/W 
HEATSINK THERMAL CAPACITANCE = 5j/9°C) 


25 


TIME TO 175°C - SEC 
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K 
SS 


5 10 15 
DRAIN-TO-SOURCE VOLTAGE (Vde) - V 


FIGURE C5. TIME TO 175°C IN CURRENT LIMITING 
(NO EXTERNAL HEATSINK) 
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MILITARY AND RAD-HARDENED POWER MOSFETs 
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Military Power Products MOSFETs 


Military Power Products 


Military and aerospace requirements for high-reliability 
solid-state devices are extremely large and diverse, not 
only in terms of performance, operating conditions, and 
reliability, but also in terms of logistics and procurement. As 
a result of these requirements, the military services have 
jointly developed specifications and standards under which 
most military end-use solid-state devices are procured. To 
simplify procurement, logistics, and the development of 
reliability data, MIL specs are not issued for the full 
spectrum of devices manufactured: rather, they are 
restricted to those devices for which significant need is 
demonstrated and are specified so that the device can have 
as wide applicability as possible. Although the limits for 
operating conditions may exceed these required for some 


applications, they simplify procurement and assure a 
supply of devices for the majority of military equipment. 
These standards also cover a wide range of requirements 
for the manufacturer on such things as: 


(a) The procedure and requirements for a manufacturer to 
become certified to manufacture MiL-spec parts. 


(b) The requirements for qualifying parts. 


(c) Product-assurance provisions, in such areas as quality 
control, inspection procedures, personnel training, 
cleanliness, failure analysis, and documentation. 


(d) Test methods and procedures. 
(e) Marking and identification of product. 
(f) Preservation and packing. 


JANTX and JANTXV Products Flow Chart 


PRODUCTION PROCESS 
1. Raw Material 


INSPECTION LOTS 
FORMED AT FINAL 
ASSEMBLY 
OPERATION 
(SEALING) 


2. Factory Processing 
3. Internal Visual 
(for TXV only) 


PREPARATION FOR 
DELIVERY JANTX 
OR JANTXV 


REVIEW OF GROUP A, 
B AND C DATA 
FOR LOT ACCEPTANCE 


NOTES: 
1. Group A electrical performance tests performed on a lot sample basis. 


2. Group B environmental, mechanical and life tests (storage and operating) 
performed on a lot sample basis. 


100 PERCENT PROCESS 
CONDITIONING4 


1. High Temp Storage 
2. Thermal Shock 

3. Acceleration 

4. Hermetic Seal Tests 
5. Reverse Bias 


LOTS PROPOSED 
FOR JANTX 
OR JANTXV 

TYPES 


100 PERCENT POWER 
CONDITIONING4 


Measurement of 


1. 
INSPECTION TESTS $a 
TO VERIFY LTPD Specified Parameters 


GROUP A1 2. Burn - In 
GROUP B2 3. Measurement of 
GROUP C3 Specified Parameters. 
4. Lot Acceptance 
Criteria Based on 
Burn - In Test 


3. Group C environmental and life tests performed on a time period basis. 


4. Tests shall be performed in the order as shown. 


MIL. & RAD HARD 
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JANTX and JANTXV 
Solid-State Power Devices 


The major military specification used for the procurement of 
discrete solid-state devices by the military is MIL-S-19500. 


MIL-S-19500 is the specification for the familiar “JAN” 
type solid state devices. Detailed electrical specifications 
are prepared as needed by the three military services and 
coordinated by the Defense Electronic Supply Center 
(DESC). 


Levels of reliability are defined by MIL-S-19500. JANTX 
types receive 100 percent process conditioning, and power 
conditioning, and are subjected to lot acceptance based on 
delta parameter criteria in addition to Group A, Group B, 
and Group C lot sampling. JANTXV types are subjected to 


100 percent (JTXV) internal visual inspection in addition to 
all of the JANTX tests in accordance with MIL-STD-750 
test methods and MIL-S-19500. 


DESC publishes “QPL-19500”, a Qualified Products List of 
all types and suppliers approved to produce and brand 
devices in accordance with MIL-S-19500. 


The following tables list approved “QPL” types that Harris 
can supply. 


Most of Harris Power MOSFETs can also be supplied with 
similar process and power conditioning tests and delta 
criteria. 


QPL APPROVED TYPES JANTX POWER MOSFETs 


MIL-S- 
19500/ 


N-CHANNEL 
TYPES 


2N6756 
2N6758 
2N6760 
2N6762 
2N6764 
2N6766 
2N6768 
'2N6770 
2N6782 
2N6784 
2N6786 
2N6788 
2N6790 
2N6792 
2N6794 
2N6796 
2N6798 
2N6800 
2N6802 
2N6966 
2N6967 
2N6968 
2N6969 


P-CHANNEL 
TYPES 


-TO-204AA 
TO-204AA 
TO-204AA 
TO-204AA 
TO-204AE 
TO-204AE 
TO-204AA 
TO-204AA 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF - 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-213AA 
TO-213AA 
TO-213AA 
TO-213AA 


2N6895 
2N6896 
2N6897 
2N6898 
2N6849 
2N6851 


N-CHANNEL LOGIC- 
LEVEL TYPES 


TO-205AF 
TO-204AA 
TO-204AA 
TO-204AE 
TO-205AF 
TO-205AF 


MIL-S- 
19500/ 


TO-205AF 
TO-204AA 
TO-205AF 
TO-204AA 


BVpss os 
CHANNEL a (V) 


Military Screening For Non QPL Types 


New discrete devices not yet covered by military 
specifications, offer technological advances or have special 
performance characteristics which have advantages to the 
designer of Military and Aerospace equipment. Harris 
cooperates with the users in establishment of specifications 


Harris Military Power Products are processed in 
accordance with provisions of MIL STD. The desired 
screening test sequence can be chosen from the models 
shown in the screening table. 


Group B and Group C tests will be performed when 
requested in accordance with MIL-S-19500. 


MILITARY SCREENING FOR NON QPL TYPES 


patterned after MIL standards. 
MIL-S-19500 
MIL-STD-750 


1. Internal Visual Bipolar Trans. 100% 
MOSFETs 


2. High Temp Life (LTPD) 24 hrs. min at max Optional 
rated storage 
temperature 


(Stabilization Bake) 
No dwell is 100% 
required at 25°C. 
Test condition C. 
20 cycles, t 
(extremes) > 10 


Y 3 direction at. 100% Optional 
20,000 G min 

except at 10,000 

G min for devices 

with power rating 

of > 10 watts at 

To = 25°C. The 1 

min hold time 

requirement shall 

not apply. 


Condition A 100% | 


Test conditionG | Optional if done in 
or H, max leak rate} screen 14. 

= 5x10-8 atm 

cc/s except 

5x107?7 atm cc/s 

for devices with 

internal cavity > 

0.3¢cc. 


Test condition Optional 100% 100% 
CorD. (Note 4) (Note 4) 


As specified. 100% 
(read and record) 


48 hrs min at Ta = 
150°C (min) and 
minimum applied 
voltage as follows: 
Condition A 100% 100% 100% 
Bipolar transistors 
(min) of rated Vog 
Condition B 
MOSFETs 

80% (min) of 

rated VGs 
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Optional 


Optional 


Optional 


100% 
(Note 4) 


2. Thermal Shock (Temp. Cycling) 100% 


4. Constant Acceleration 
(Note 1) 


5. Particle Impact Noise Detection 


100% 
(Note 4) 


6. Hermetic Seal | 
Fine (Note 1) 


MIL. & RAD HARD 
POWER MOSFETs 


8. Interim Electrical 
Parameters 


9. High Temp Reverse 
Bias (HTRB) 


Burn-In for Bipolar Transistors 


Burn-In for MOSFETs 


MILITARY SCREENING FOR NON QPL TYPES (Continued) 


MIL-S-19500 
MIL-STD-750 
METHOD 


1039 


As specified 
including all 


10. Interim Electrical and Delta 
Parameters 


minimum. 


11. Power Burn-in As specified 


Burn-in (Transistors) 
condition B. 


Burn-In MOSFETs 
. Final Electrical Test As specified. 


interim Electrical 


must be 


completed within 


96 hrs after 


CONDITION | 


parameters asa 


Leakage current 
shail be measured 
on each device 
before any other 
testis made. 


Transistors. Test. 


All interim and 
delta parameter 
measurements 


JANTXV 
REQUIREMENTS 


JANS 
REQUIREMENTS 


JANTX 
REQUIREMENTS 


100% (Measure 
all specified 
parameters within 
16 hrs after 
removal of 
applied voltage 
in HTRB. Record 
those parameters 
which havea 
delta limit.) 

(See screen 12) 


100% 
240 hrs (min) 


but 
delta 


100% (Measure 
all specified 
parameters within 
24 hrs after 
removalof | 
applied voltage 
in HTRB. Record 
those parameters 
which have a 
delta limit.) 

(See screen 12) 


100% — 
160 hrs (min) 


100% (Measure 
all specified 
parameters within 
24 hrs after 
removal of 
applied voltage 
in HTRB. Record 
those parameters 
whichhavea _ 
delta limit.) 

(See screen 12) 


100% 
160 hrs (min) 


1042 MOSFETsA 240 hrs (min) 160 hrs (min) 160 hrs (min) 


100% 


Interim electrical 
and delta 
parameters as a 
minimum. (Read 
and record.) 


Interim electrical 
and delta 
parameters as a 
minimum. (Read 
and record.) 


Interim electrical 
and delta 
parameters as a 
minimum. (Read 
and record.) 


removal from 
burn-in conditions 


Other Electrical Parameters 


. Hermetic Seal © 


(Note 2) 


Fine (Note 1) 


Gross 


Group A, sub- Group A, sub- Group A, sub- ° 
groups2and3. |groups2and3. | groups 2and3. 


(Same as 5 on 
previous page) 


Optional 
(Note 4) 


Optional 
(Note 4) 


14. External Visual Examination 


To be performed 


after complete 


NOTE: 


1.:Omit fine leak seal test and constant acceleration test for double plug, 
non-internal cavity diode construction. 


2. The radiographic and seal screens for JANS may be performed in any 
order following final electrical test. Glass diodes shall not be painted until 
after seal tests. When hermetic seal testing is performed in screen 5 it 
does not have to be performed again in screen 12 for double plug, non- 
internal cavity diode construction. 


3. Reverse-blocking test shall replace power burn-in for power rectifiers at 
> 10 amp rating at Tc > 100°C and all thyristors. 


4. Fine and gross seal leak test for JANTX and JANTXV shall be performed in 
either block 6 or block 13. 
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DESC Standard Military Drawing Types 


New TO-204 and TO-254 packaged rugged n-channel MOSFETs are available to DESC standard military drawings. 
These types are tested to JANTX and JANTXV reliability levels. 


BVpss DS (ON) 
TYPE JTX TXV (V) 


2N7119 TO-204AA 100 
2N7120 TO-204AA 75 9 200 
2N7121 TO-204AA 75 5.5 400 
2N7122 TO-204AA 75 4.5 500 


TO-204AE 150 38 100 
TO-204AE 150 30 200 
TO-204AA 150 14 400 
TO-204AA 150 12 


TO-254AA 
TO-254AA 
TO-254AA 
TO-254AA 


TO-254AA 


2N7123 
2N7124 
2N7125 
2N7126 


2N7224 
2N7225 
2iIN7227 
2N7228 


2N7241 


2N7242 TO-254AA 
2N7243 TO-254AA 
2N7244 TO-254AA 


<x KK KL K KK KL KKK KIL KKK XK 


<x KK KL KK KK LK KK KL KK XK 
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Introduction To Rad Hard MOSFETs 


Tactical Applications 
e Radiation Hardness Assurance Program 
e Rated at 10K Rads (Si) 


The Harris Semiconductor Sector has formed a Radiation 
Hardness Assurance Program (RHAP) directed toward 
certain TACTICAL rad hard users which assures a minimum 
level of hardness for “off the shelf” needs where the volume 
of application mandates economy. Power MOSFET’s from 
the FR series are a part of the RHAP effort. The FR parts are 
not selected from standard commercial product but are 
semiconductor die specially designed, processed, and 
treated for SECOND GENERATION hardened power 
MOSFET’S. Pre radiation specifications are met after 
exposure to 10 KRAD (Si) total dose. 


Harris Rad Hard MOS Nomenclature 


Strategic Applications 
e Rated at 100K and 1000K Rad(Si) 


The Harris Semiconductor Sector has designed a series of 
SECOND GENERATION hardened power MOSFET’s of 
both N and P channel enhancement types with ratings from 
100 to 500 volts, 1 to 60 amperes, and on resistance as low 
as 40 milliohms, Total dose hardness is offered at 100K and 
1000K RAD(Si) with neutron hardness ranging from 1E13 
n/cm2 for 500 volt product to 1E14 n/cm2 for 100 volt 
product. Dose rate hardness (GAMMA DOT) exists for rates 
to 1E9 rads/sec without current limiting and 2E12 rads/sec 
with current limiting. Heavy ion survival from single event 
drain burn-out exists for linear energy transfer (LET) of 35 
at 80% of rated voltage. 


RELIABILITY SCREENING LEVEL 


1. Commercial (Non TX) 


2. TX Equivalent of MIL-S-19500 
3. TXV Equivalent of MIL-S-19500 
4. Space Equivalent of MIL-S-19500 


RADIATION LEVEL ASSURANCE 
D - 10Krads (Si) 

R - 100K rads (Si) 

H - 1 Megarad (Si) 


DIE DESIGNATION 
3 or 4 Characters 


PACKAGE DESIGNATION 
M - TO-204AA 


K - TO-204AE 
L - TO-205AF 
S - TO257AA 
F - TO-254AA 


HARRIS RADIATION HARDENED MOSFETs 
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Radiation Hardness Assurance Program 
N-CHANNEL RAD HARD POWER MOSFETS 


FRM130D 
FRM230D 
FRM234D 
FRM430D 


FRL130D 
FRL230D 
FRL234D 
FRL430D 


FRS130D 
FRS230D 
FRS234D 
FRS430D 


FRM140D 
FRM240D 
FRM244D 
FRM440D 


FRS140D 
FRS240D 
FRS244D 
FRS440D 


FRK150D 
FRK250D 
FRK254D 
FRM450D 


FRF150D. 
FRF250D 
FRF254D 
FRF450D 


FRK160D 
FRK260D 
FRK264D 
FRK460D 


126 X 182 
126 X 182 
126 X 182 
126 X 182 


126X182 
126X182 
126 X 182 
126 X 182 


126 X 182 
126 X 182 
126 X 182 
126 X 182 


170 X 200 
170 X 200 
170 X 200 
170 X 200 


170 X 200 
170 X 200 
170 X 200 
170 X 200 


259 X 265 
259 X 265 
259 X 265 
259 X 265 


259 X 265 
259 X 265 
259 X 265 
259 X 265 


266 X 366 
266 X 366 
266 X 366 
266 X 366 


a nm 
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RATED 


anno = 
oa oO oO 
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ann = 
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ann — 
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INITIAL | NALRATINGS = 


MAX MAX 
RATED | RATED 


IDs rps (ON) 


16 
12 


Le] 


“J 


Vas (TH) 
(V) 


NNN NID YON NIN NN NIN NN NINN N NINN NNINNNNITNNN N 
hAA AIA AA ATA A HRATA HAA ATA RA ALR RK ATR HK ATHA BAA 


| posTRAD: 10KRADS | RAD: 10K RADS 


Ves (TH) 


BVpss | "ps (ON) 
(V) (2) (V) 


ONMNN NIN NNO NIN NNNIN NN ND POSE Se RoE RE eet ae ee es eee 


Be: Gee Wipe the tebe ip arene te Meee des vate Nag igs eS ee Ne Unie RO SR ok 


MIL. & RAD HARD 


POWER MOSFETs 


Megarad Parts 


N-CHANNEL RAD HARD POWER MOSFETS 


_ POST RAD: 100K RADS POST RAD: 1 MRAD 


REGISTRATION PRESENT 


PENDING 
TYPE 


2N7271 
2N7274 
2N7277 
2N7280 


2N7272 
2N7275 
2N7278 
2N7281 


2N7273 
2N7276 
2N7279 
2N7282 


2N7283 
2N7285 
2N7287 
2N7289 


2N7284 
2N7286 
2N7288 
2N7290 


2N7291 
2N7293 
2N7295 
2N7297 


2N7292 
2N7294 
2N7296 
2N7298 


2N7299 
2N7301 
2N7303 
2N7305 


PART 
NO. 
FRM130R, H 
FRM230R, H 
FRM234R, H 


- FRM430R, H 


FRL130R, H 
FRL230R, H 
FRL234R, H 
FRL430R, H 


FRS130R, H 
FRS230R, H 
FRS234R, H 
FRS430R, H 


FRM140R, H 
FRM240R, H 
FRM244R, H 
FRM440R, H 


FRS140R, H 
FRS240R, H 
FRS244R, H 
FRS440R, H 


FRK150R, H 
FRK250R, H 
FRK254R, H 
FRK450R, H 


FRF150R, H 
FRF250R, H 
FRF254R, H 
FRF450R, H 


FRK160R, H 
FRK260R, H 
FRK264R, H 
FRK460R, H 


126 X 182 
126 X 182 
126 X 182 
126 X 182 


126 X 182 
126 X 182 
126 X 182 
126 X 182 


126 X 182 
126 X 182 
126 X 182 
126 X 182 


170 X 200 
170 X 200 
170 X 200 
170 X 200 


170 X 200 
170 X 200 
170 X 200 
170 X 200 


259 X 265 
259 X 265 
259 X 265 


259 X 265 > 


259 X 265 
259 X 265 
259 X 265 
259 X 265 


266 X 366 
266 X 366 
266 X 366 
266 X 366 


BVpss | rps(ON) | Vqs(TH) 
(V) (2) ( 


5 
2 
5 
5 


2 
2 
2 


00 
50 
00 
00 
50 
00 
100 
200 
250 
500 
100 
200 
250 
00 
100 
200 
250 
500 
100 
200 
250 
500 
100 
200 
250 
500 
100 


200 
250 | 
500 
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NNN NTN NN NIN NN ND mo NON NY 


MONMONONEN NON NIN NN NIN NN ND 


hA KATA AA ATR HR KR ATR HK HA 


PA RATA HB HAF HR BA HE A ASRS 


BVpss 
(V) 
95 
190 
235 
TBD 


95 
190 
235 

TBD 


95 
190 
235 

. TBD 


95 
190 
235 

TBD 


tps(ON) 
(2) 


Vas(TH) 
(V) 


Radiation Hardness Assurance Program 
P-CHANNEL RAD HARD POWER MOSFETS 


INITIAL RATINGS POST RAD: 10K RADS 
DIE . 
PART SIZE Vas (TH) | BVpss | rps (ON) Ves (TH) 
NO. (MILS) (V) (V) (2) (V) 
FRM9130D 126X182 3 100 0.55 100 0.55 2-4 
FRM9230D 126X182 3 200 1.30 200 1.30 2-4 
FRL9130D 126X182 3 100 5 0.55 2-4 100 0.55 
FRL9230D 126 X 182 3 200 3 1.30 2-4 200 1.30 
FRS9130D 126X182 3 100 6 0.565 2-4 100 0.565 
FRS9230D 126X182 3 200 4 1.32 2-4 200 1.32 
FRM9140D 170 X 200 4 100 11 0.30 100 0.30 
FRM9240D / 170X200 4 200 7 0.72 200 0.72 
FRS9140D 170 X 200 100 11 0.315 100 0.315 
FRS9240D 170 X 200 200 7 0.735 200 0.735 
FRK9150D 258 X 264 100 26 0.125 100 0.125 
FRM9250D 258 X 264 200 17 0.30 200 0.30 
| FRF9150D 258 X 264 
FRF9250D 258 X 264 = 
100 40 0.085 100 


FRK9160D 266 X 366 
FRK9260D 266 X 366 0.20 


= 
oO 
oO 
ho 
@ 
[o) 
“4 
Bey 
= 
o] 
oO 


Megarad Parts 


P-CHANNEL RAD HARD POWER MOSFETS 
POST RAD: 100K RADS POST RAD: 1 MRAD 
BVpss |'ps (ON) | Ves (TH) rps (ON) Ves (TH) 
(V) (Q) (V) (22) (V) 
0 0.55 2-4 
0 1.30 2-4 


REGISTRATION | PRESENT DIE 
PENDING PART SIZE 
TYPE NO. (MILS) 


NO. 
2N7307 FRM9130R, H 126 X 182 
2N7310 FRM9230R, H 126 X 182 
2N7308 FRL9130R,H 126 X 182 
2N7311 FRL9230R, H 126 X 182 
2N7309 FRS9130R, H 126 X 182 
2N7312 FRS9230R, H 126 X 182 


2N7317 FRS9140R, H 170 X 200 
2N7319 FRS9240R, H 170 X 200 
2N7322 FRK9150R, H 258 X 264 
2N7324 FRM9250R, H 258 X 264 
2N7323 FRF9150R, H 258 X 264 
2N7325 FRF9250R, H 258 X 264 
2N7328 FRK9160R, H 266 X 366 
2N7330 FRK9260R, H 266 X 366 


3 

3 

3 

3 

3 

3 
2N7316 FRM9140R, H 170 X 200 
2N7318 FRM9240R, H 170 X 200 


MIL. & RAD HARD 
POWER MOSFETs 


DOWER MOSFETs 


DATA SHEETS PAGE 
HGTG30N120E2 N-Channel Enhancement-Mode Insulated Gate Bipolar Transistor (IGBT) ................04. 10-3 
IRFR110, IRFU110 N-Channel Power MOSFETs Avalanche Energy Rated. ......... ccc ccc cece cece tence ee eees 10-7 
IRFR214, IRFU214 N-Channel Power MOSFETs Avalanche Energy Rated........... ccc ccc ccc e tect ee ee eceees 10-13 
IRF614 N-Cinannel Power WWOSFETs Avalanche Energy Rated.......... ccc cece ce cece ee ee eens 10-18 
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RFD3NO8L N-Channel Logic Level Power Field Effect Transistors .......... ccc cece cece eect eee e ete eece 10-26 
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i HARRIS 


HGTG30N120E2 


N-Channel Enhancement-Mode 


August 1991 Insulated Gate Bipolar Transistor (IGBT) 


Features Package 
e 50 Amp 1200 Volt ‘TO-247 
; TOP VIEW 

e Latch Free Operation DRAIN [CD ; 

> SOURCE 
° Typical Fall Time - 580ns (TAB) 

> DRAIN 
¢ High Input Impedance 

io™ eee GATE 


e Low Conduction Loss 


Description 


The HGTG30N120E2* is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low on-state 
conduction loss of a bipolar transistor. The much lower on-state voltage C 
drop varies only moderately between +25°9C and +150°C. 


Terminal Diagram 


The IGBTs are ideal for many high voltage switching applications operating 
at moderate frequencies where low conduction losses are essential, such 
as: AC and DC motor controls, power supplies and drivers for solenoids, 


‘relays and contactors. G 
*Formerly Developmental Type #49010 
E 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
HGTG30N120E2 UNITS 
Collector-Emitter Voltage. tices eea vie ue ie ee tes isang esa gasewor cosas BVCES 1200 V 
Collector-Gate Voltage, RGF =IMD 2... cece cece eee eet e eee e eee ees VGGR 1200 V 
Collector Current Continuous 
(COW aia sso had ° ae ere ee et eee re a eer re nr IC25 50 A 
@Vge=15V @TGH=tGOU 22... crecesceesecrecrecesceveenccnccsnees Ic90 30 A 
Collector Current Pulsed(1) 3 samedi ciaass Seeure ciaelen wakes sk ec eauateNa ges ICM 200 A 
Gate-Emitter Voltage ContinuouS ........ ccc ccccccececc en enccnnsenenens VGES +20 V 
Gate-Emitter Voltage: Pulsed ini. nie oc excise ew avet cic eaesesGunuee twee exe VGEM . +30 V 
Switching Safe Operating Area ” 
@T 241509 pe avedtedandienenacestPasure stuck sll cucenay ume alse SSOA 200A @ 0.8 BVcES ™ oS 
Power Dissipation: Olah «p:ccctantane eps nale Kad ada hale eee ees vale eae ee Pp = 
OMe ekuu on CRC ee eee eee ee ea eee eee ne Tre re ar ere eee 208 W = 
Deérating Te 25°C iin scared sc diacees oeasieeua ei tabaci Sabres Re aes anata 1.67 W/9C a. 
Operating and Storage Junction Temperature Rangeé...........e.eeeee. Ty, TSTG -55 to +150 oC = 
Maximum Lead Temperature for Soldering ......... ccc ccc ee ccc ccncveevceceas Th 260 oC > 
Short Circuit Withstand Time(2).. 2.0... c cc cece ccc e tee eee cence aeeeeeees tsc a 
@V ge FISV wc cece cece ce cee ee tere eee eee ete n ence nee ence tenes enn nees 6 us ao. 
@Vge=1 OVG i Oe hres eae ee sls Meelb ee oe ee erat ie caew MR 6 Sa eine ua 15 us 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 
(2) VCE(pk) = 720V, To = 125°C, Reg = 25 


HARRIS SEMICONDUCTOR IGBT PRODUCT !IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 92834 


Copyright © Harris Corporation 1991 
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Specifications HGTG30N120E2 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTICS SYMBOL TEST CONDITIONS | min | Typ | MAX | 


Collector-Emitter BVces_ |Ic = 250n/A, Voge = OV | 1200 Vv 
Breakdown Voltage 


Collector-Emitter ICES Voce =BVcES To = +259C 


Leakage Current 
VCE(SAT) | '!c =Icg90: To = +250C 
VGE = 15V To = +125°C 


Collector-Emitter 
Saturation Voltage 


Ic =Ic90, To=t259°¢ | - | 32 
Yee = 10V To = +1250C 


Gate-Emitter VGE(TH) |!c =1mA To = +259C 
Threshold Voltage VCE = VGE 

Gate-Emitter IGES VGE = +20V 

Leakage Current 

Gate-Emitter VGE(p!) | !c =!co0. VCE =0.5 BVCES 

Plateau Voltage 


On-State Qgion) |'!c=!cg90, VGE = 15V 


Gate Charge VcE = 0.5 BVCES VGE = 20V 


Current Turn-on td(on)i L = 50yH, Ic = Iogo, Rg = 25N, 
Delay Time VGE = 15V, Ty = +1259C 
Current Rise Time 


VCE = 0.8 BVCES 
Current Tum-off ta(off)i 
Delay Time 


Current Fall Time tne. = 
Turn-off Energy(1) 


ti 
Current Turn-on td(on)i 
Delay Time 

tri 

ti 


n 


7 


© 


3 
.?) 


: od 
ho 
Ht 
oi 
ve) 
ro) 


760 


5 


o 
rs 


a 


L = 50uH, Ic =!Icgo, Rg = 25”, 
VGE = 10V, Ty = +1259C © 
VCE =0.8 BVcES 


100 


NI 
(@) 


Current Rise Time he oat os 
Current Turn-off ta(off)i 
Delay Time 

Current Fall Time | te | 


Turn-off Energy(1) 
Thermal Resistance ReJc 


(1) Turn-off Energy Loss (Wo#f) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Io¢g = OA). The HGTG30N120E2 was tested per JEDEC standard No. 24-1 Method for Measurement of Power 
Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


790 


75 


Oo 


® 

on 
fo) 
QO 3 3 13 
: ell =e] feel =f] sfels) ¢ =} ell 


3 
a 


PULSE DURATION=250us, DUTY CYCLE < 0.5%, Vce=!0V 


COLLECTOR-EMITTER CURRENT (Ice) - A 


COLLECTOR-EMITTER CURRENT (Ice) - A 


je he 4 6 me 4 6 8 
GATE-TO-EMITTER VOLTAGE (Vge) - V COLLECTOR-TO-EMITTER VOLTAGE (Vce) - V 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) . FIGURE 2. SATURATION CHARACTERISTIC (TYPICAL) | 
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HGTG3SON120E2 


C. Rg=25ohme, 


. Ty=150° 


COLLECTOR-EMITTER CURRENT (Ice) - A 


CASE TEMPERATURE (Tc) - °% 


Q oO Oo. on 


Be - (897) IN3YYNI ¥O01931109 30 


FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF 


FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 


EMITTER CURRENT. 


CASE TEMPERATURE 


FREQUENCY (f) = {MHz 


SLIOA—96A 


g 8 & 


3d - (3) J3ONYLIDUdYS 


tg) 


TIME—MICROSECONDS g0 


ig(REF) 


(REF) 


Ig(ACT) 


Ig(ACT) 


20 


20 


15 


COLLECTOR-TO EMITTER VOLTAGE (Vce) - V 


10 


SLONGOUd M3IAAYd 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 


FIGURE 5. CAPACITANCE AS A FUNCTION OF 


CONSTANT GATE CURRENT. (REFER TO 


COLLECTOR-EMITTER VOLTAGE 


APPLICATION NOTES AN7254 AND AN7260.) 


Rg=25ohms, L=50uH 


Tj=150°, 


MITT NT 
SUA 
HEE TT 


ee) 


Yce=480V, Vge=10V & I5V 


ncn CAN 
WIL TTI 


WLLL RIL TN | 


— [a - C30KF" SSO7 SNIHSLIAS JS0-NUNL 


A - €€358)89A4) 39YLI0A NOILYUNIYS 


COLLECTOR-EMITTER CURRENT (Ice) - A 


COLLECTOR-EMITTER CURRENT CIce) - A 


FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 


OF COLLECTOR-EMITTER CURRENT. 


COLLECTOR-EMITTER CURRENT. 
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HGTG30N1720E2 


AY CtdCoffdil] - us 


DSL 


TURN-OF: 


: 10 
COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT. 


MITTER CURRENT (Ics) - A 


- 
~ 
i 


COLLECTOR- 


5 6 7 8 


2 3 4 
SATURATION VOLTAGE (Vce(sat)) - V 


- FIGURE 11. COLLECTOR-EMITTER SATURATION VOLAGE. 


Operating Frequency Information 
Operating frequency information for a typical device 
(Figure 10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (ICE) plots are possible using 
the information shown for a typical unit in Figures 7, 8 and 
9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 OF fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temperature. 


fmax1 is defined by fmax1 = 0.05/ta (off). td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. tq(offyi is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


Tj-1680°C, To=75°C, Vgo=I5V. Rg@25ohme, L=60uH 


™~ Voe = 860V {= 
Set ae 
fmax! = .05 / tdoffi 


fmax2 = (Pd - Pc) / Woff — 


Pd: ALLOWABLE DISSIPATION 

= Pet CONDUCTION DISSIPATION 
(Po DUTY FACTOR ~ 502) 
Reyc 7 -5°C/W 


OPERATING FREQUENCY ( fmax)-KHz 


1a 
PEAK COLLECTOR-EMITTER CURRENT (Ice) - A 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND 
VOLTAGE. 


1g = 1/Rgen+ 1/RoE 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT. 


frequency limiting condition for an application other than 
TJMAX: td(off)! is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (Pp - Pc)/Woff. The allowable 
dissipation (Pp) is defined by Pp = (TJMAx - Tc)/Reuc. 
The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used (Figure 10) and 
the conduction losses (PC) are approximated by Pc = 
(VCE ® ICE)/2. Woff is defined as the sum of the instanta- 
neous power loss starting at the trailing edge of the input 
nulse and ending at the point where the collector current 
equals zero (ICE = OA). | 


The switching power loss (Figure 10) is defined as 
fmax2 © Woff. Turn-on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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mn — IRFR110 
Beitr Aorr IRFU110 


N-Channel Power MOSFETs 


May 1992 Avalanche Energy Rated 
Features Packages 
¢ 4.7A, 100V TeeiEW 


e DS(ON) = 0.540 
e Single Pulse Avalanche Energy Rated DRAIN ($$, pr ain 
¢ SOA Is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics TO-252AA 
TOP VIEW 
¢ High Input Impedance 
¢ +175°C Operating Temperature erie SOURCE 
TAB DRAIN 
Description GATE 


The IRFR110 and IRFU110 are n-channel enhancement- 

mode silicon-gate power field-effect transistors designed, | Terminal Diagram 
tested, and guaranteed to withstand a specified level of 
energy in the breakdown avalanche mode of operation. 
These advanced power MOSFETs are designed for use in 


D 
applications such as switching regulators, switching convert- 
ers, motor drivers, relay drivers and drivers for high-power 
bipolar switching transistors requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. ? 
S 


N-CHANNEL ENHANCEMENT MODE 


The IRFR110 is supplied in the JEDEC TO-251AA plastic 
package and the IRFU110 in the JEDEC TO-252AA plastic 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFR110,1RFU110 UNITS 


Drain-Source: Voltage (1) ss .ss85 S40 eee cuce te te 28s os se Re hak Waa ee ee eG bee Vos 100 V o 

DraitieGate Volkagen.g.sikins couse keane cas dedsneeu ot ene i onconietes Viper 100 V &. 

Continuous Drain Current a 
TSO Cio Sancti oan e outa adeateuds Bachinbe een tida ons alow Ip 47 A o 
Te OOS sleet nee Neches at ices a ee tenon ete eet ee Ip 3.3 A = 

Pulsed Drain Currant (2).......cceccccceccceeccccsceuceecusteeuseeeusneennee low 17 A ia 

Gate-Source Voltage ses ta csvee hs Joes wise ehsea eee aces bee er cht deeb eeewn ares Ves +20 V = 

Maximum Power Dissipation ...... 0.00. cc cece cece rece eee e rere teen teen een enees Pp 30 W 

Lindar Deratitig: Factor <2 2iwa Sadcsawnd wc ced edaewsn xt ce aiee ewe tweiunoeekees 0.2 WPC 

Single Pulse Avalanche Rating (3) (See Fig. 14)... . 0... . cece eee cee nnee Eas 19 mj 

Operating and Storage Temperature ... 2... ec cette cee eee nee Ty, Tste -55 to +175 °C 

Maximum Lead Temperature for Soldering ............ cc cece ec e cece e eee ences T 300 °C 

(0.063" (1.6mm) from case for 10s) 

NOTES: 


1. Ty = +25°C to +150°C. 
2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 
3. Vpp = 25V, Starting Ty = +25°C, L = 1.8MH, Re = 25, Peak |, = 4.7A. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3275 
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Specifications IRFR110, IRFU110 


Electrical Characteristics To = +25°C, Unless Otherwise Specified __ ~ 

a a 

[Brain Soucobreakiown Volage | BVoss |io= 280A VassOv «SOT «| 
Gate Threshold Voltage Vas(th) 2 4 V 


Vas = £20V 
Vps = 100V, Vgg = OV 
Vos = 80V, Ves = OV, Ty = +150°C 


Injony | Vos > !p(ony X Fos(on)Max: Vas = 10V 4.7 
Tps(on) | !p = 3.3A, Ves = 10V 
Vps = 2 5OV, Ips = 3.3A 


Ves = OV, Vos = 25V, f = 1.0MHz 
See Figure 10 


Gate-Source Leakage Current 


Zero Gate Voltage Drain Current 


On-State Drain Current 


—_ 
AS 


On Resistance (Note 1) 0.4 


oO 


5 


Forward Transconductance (Note 1) 


Input Capacitance 


Ciss 


Output Capacitance 


no} 
nN 


no} 
“TI 


Reverse Transfer Capacitance 


Turn-On Delay Time Vop = 5OV, Ip = 5.6A, Rg = 24Q, Rp = 9.19, See 
; Figure 15 (MOSFET switching times are essen- 
Rise Time tially independent of operating temperature) 


Turn-Off Delay Time 


<. aelalo 
= 612 18 
q 2 1 |o 


_ 


on nop N 
Os Me oe oe o>) 


PO 
= 


Fall Time 


-_ 


Total Gate Charge Ves = 10V, Ip = 5.6A, Vos = 0.8 x Max Rating. 
See Figure 16 (Gate charge is essentially inde- 


pendent of operating temperature) 


7.7 


O 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 


nc 


= > 


| Ogi | ee 
Internal Drain Inductance Lp Measured from the Modified MOSFET 4.5 nH 
drain lead, 6mm symbol showing the 
(0.25”) from package | internal device 
to center of die. inductances. 
Internal Source Inductance Ls Measured from the 7.5 nH 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 
Case-to-Sink | Recs _| Mounting surface flat, smooth and greased Ea ee ees °C/W 


Source-Drain Diode Ratings and Characteristics 
Continuous Source Current Modified MOSFET D 4.7 A 
(Body Diode) symbol showing the 
G 
S 


integral reverse P-N 
Pulse Source Current (Body Diode) 9 vue 


(Note 2) 

Diode Forward Voltage (Note 1) T= +25°C, Ig = 4.7A, Veg = OV po foe f 25 [ov | 

Reverse Recovery Time tr | Ty = 425°C, Ig = 5.6A, Gip/dt = 100A/ps 46 96 200 | ons | 
Reverse Recovery Charge | Qaa | T, = +25°C, Ig = 5.6A, dip/dt = 100A/ps | 017 | 0.38 | 083 | uC | 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lz + Lp. 


NOTES: 1. Pulse Test: Pulse width < 300s. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle < 2% See Transient Thermal Impedance Curve (Figure 5). 


junction rectifier. 
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IRFR110, IRFU110 


Performance Curves 
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IRFR110, IRFU110 


Performance Curves (Continued) 
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IRFR110, IRFU110 


Performance Curves (Continued) 
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IRFR110, IRFU110 


Performance Curves (Continued) 


Vos 


_ PULSE WIDTH s tps 
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fT . 
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mn HARRIS IRFR214 
SEMICONDUCTOR IRFU214 


N-Channel Power MOSFETs 


May 1992 Avalanche Energy Rated 
Features Package 
° 2.2A, 250V TO-251AA 
TOP VIEW 


* Fpsion) = 2.02 

¢ Single Pulse Avalanche Energy Rated serait > SOURCE 
TAB 4 DRAIN 

e¢ SOA Is Power-Dissipation Limited ace 

e Nanosecond Switching Speeds 


e High Input Impedance 


¢ +150°C Operating Temperature TO-252AA 
! TOP VIEW 


The IRFR214 and IRFU214 (TA17443) are n-channel enhance- 
-ment-mode silicon-gate power field-effect transistors designed, 
tested, and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These advanced 
power MOSFETs are designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and drivers for high-power bipolar switching transistors | Terminal Diagram 
requiring high speed and low gate-drive power. These transistors 

can be operated directly from integrated circuits. 


D 
The IRFR214 is supplied in the JEDEC TO-251AA plastic package 
and the IRFU214 in the JEDEC TO-252AA plastic package. 
G 
S 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
IRFR214, IRFU214 UNITS 

Drain-Source Voltage (1) 00s eis wacie teuwseaelee Sew ds se esos belo os Vos 250 V 
Drain Gale. VONAGG o46.05 ce uci s Heke teswiee es tends ee Pie Cass teaw teers Vocr 250 V 
Continuous Drain Current 

Ne S425 Contes cw saeutcke ab ebeaoendenev esa el seaew ona aed Ip 2.2 A 

Tee AO0 Coe cherie tanta unin en Wane aoe ak we sees odes Ip 1.4 A 
Pulsed Drain Current (2): susie: cas enya iiean wien ineie wesc nee ee eda ee eee lpm 8.8 A 
Gate-Source Voltage sas sc cates e es eae deena eeeeew ane tae ease ee Ves +20 V 
Maximum Power Dissipation ........ 0. cece cece eee eee ee eee eee eees Pp 25 W 
Linear Derating: Fachons 4 saw seweraecavae bene caeae oe Seu iukeien Wawasan. 0.20 WC 
Single Pulse Avalanche Rating (3) (See Fig. 12)........... 0. cc cee eee Eas 61 mj 
Operating and Storage Temperature .......... eee e eee eee eee Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ............ cee cee ee eee eee TL 300 °C 

(0.063" (1.6mm) from case for 10s) 
NOTES: 


1. Ty = +25°C to +150°C. 
2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. 
3. Vpp = SOV, Starting T, = +25°C, L = 21mH, Re = 25Q, Peak |, = 2.2A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3274 
Copyright © Harris Corporation 1992 10-13 


PREVIEW PRODUCTS 


Specifications IRFR214, IRFU214 


Electrical Characteristics Tc. = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL _ TEST CONDITIONS a SRT wus 


Drain-Source Breakdown Voltage BVpss_ | Ip = 250p1A, Veg = OV 
Gate Threshold Voltage tH) | Vas = Vos: Ip = 250HA 
Gate-Source Leakage Current Ves = +20V 


Zero Gate Voltage Drain Current Vps = 250V, Veg = OV 


Vos = 200V, Ves = OV, Ty = +125°C 


Ciss | Vas = OV, Vs = 25V, f = 1.0MHz 
I 


” 


— 


Vpp = 125V, Ip = 2.7A, Rg = 24, Rp = 45Q, See 
Figure 15 (MOSFET switching times are essen- 
tially independent of operating temperature) 


oe 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Vag = 10V, Ip = 2.7A Vos = 0.8 x Max Rating. 
See Figure 16 for test circuit (Gate charge is es- 
sentially independent of operating temperature) 


Measured from the Modified MOSFET 
drain lead, 6mm symbol showing the 
(0.25”) from package | internal device 

to center of die. inductances. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Internal Source Inductance 


Junction to Case Rec 
Case-to-Sink Mounting surface flat, smooth and greased 


r 
i?) oO 


Source-Drain Diode Ratings and Characteristics 


=z 

Ee 

a 
Modified MOSFET a 
symbol showing the 

oa 

ae | 


Continuous Source Current 
(Body Diode) 


Pulse Source Current (Body Diode) 
(Note 2) 


integral reverse P-N 
junction rectifier. 


Diode Forward Voltage (Note 1) Vsp Ty = +25°C, Isp = 2.2A, Vag = OV 


Reverse Recovery Time trr Ty = +25°C, Isp = 2.7A, dlgp/dt = 100A/ps 


Reverse Recovery Chargs Ty = 425°C, Igp = 2.7A, Glgp/dt = 100A/ps 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn 
NOTES: 1. Pulse Test: Pulse width < 300ps. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 


Duty Cycle < 2% See Transient Thermal Impedance Curve (Figure 11). 
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Performance Curves 
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‘IRFR214, IRFU214 


Performance Curves (continued) 
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IRFR214, IRFU214 


Performance Curves (Continued) 
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@ HARRIS ‘«IRF614 


N-Channel Power MOSFETs 


May 1992 =. _ Avalanche Energy Rated 
Features Package | 
© 2.0A, 250V | TO-220AB 
TOP VIEW 


* Fpson) = 2.02 


Single Pulse Avalanche Energy Rated 


| DRAIN = 
? I ————— 
SOA is Power-Dissipation Limited (FLANGE) nti 
>———————_——- 
Nanosecond Switching Speeds | | a GATE 


¢ High Input Impedance 

¢ +150°C Operating Temperature 

Description Terminal Diagram 

The IRF614 (TA17443) is an n-channel enhancement-mode N-CHANNEL ENHANCEMENT MODE 


silicon-gate power field-effect transistor designed, tested, 
and guaranteed to withstand a specified level of energy in 


D 
the breakdown avalanche mode of operation. These : 
advanced power MOSFETs are designed for.use in 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and G 
low gate-drive power. These transistors can be operated . 
S 


directly from integrated circuits. 


The IRF614 is supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (T,> = +25°C), Unless Otherwise Specified 


IRF614 UNITS 

Drain-Source Voltage (1)........... Sata ws w Bia Gud ote or ee eR are hiel see Cee ear OY Vos 250 V 
Drain-Gate Voltage. ...... cc eee cee cece eee Uieuaandsaeee aes ee Vocr 250 V 
Continuous Drain Current 

Wee e6 Coasts hore pcen dea vad eacentnaa bea pone wena yore aes Ip 2.0 A 

Tes 100C ocobiwsheton el uadatiesenvae tiame rin ee wus utant Na dutietaeaes Ip 1.3 A 
Pulsed: Drain Curent: (2).ii. seas etvbtoteee dea wiiiav.ceet tea shes sa eae lpm 8.0 A 
Gale-Source Voltage svi. cw ccs ioasa kee cates datsia de wae. tee et areiens ieee Ves +20 V 
Maximum Power Dissipation ........... ccc cece cect eee e eee e eee r eter en seeees Pp 20 Ww 
Linear Darang Factor ssc<.oe sashes sa ros Siase a sue esesus ctawdeameewawoRiewe 0.16 WPC 
Single Pulse Avalanche Rating (3) (See Fig. 14).......... ee cee eee ee cece e eee Eas 61 mj 
Operating and Storage Temperature ... 0... ccc cece ee cece reece eee e een eee Tj, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ..... 0... 0. cee ccc eee eee eee eee eeee Th 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: | 


1. Ty = +25°C to +150°C. 


2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 
3. Vpp = 50V, Starting Ty = +25°C, L = 21mH, Rg = 25Q, Peak |, = 2.2A. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. | File Number 3273 


Copyright © Harris Corporation 1992 
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Specifications IRF614 


Electrical Characteristics >. = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss__| Ip = 250A, Veg = OV | 20 | - | - [| vi | 
Vastu) | Vas = Vos: '!p = 250A V 


Veg = +20V 
Vos = 250V, Veg = OV 
Vos = 200V, Vgg = OV, T, = +125°C 


Vps > 'pion) X "ps(onyMaxr Vas = 10V 
'DS(ON) Ip = 1.0A, Ves = 10V 


Vos =2X Ves: los =1.0A 


Gate Threshold Voltage 


Gate-Source Leakage Current 


~ 


Zero Gate Voltage Drain Current 


= 


On-State Drain Current 

On Resistance (Note 1) 

Forward Transconductance (Note 1) 
Input Capacitance 

Output Capacitance 


Ves = OV, Vos = 25V, f = 1.0MHZ 
See Figure 10 


Ciss 


Coss 


b 


Reverse Transfer Capacitance 


Q 
Pe 
” 
o 


(é) 
= 
77 


Turn-On Delay Time taon | Von = 125V, Ip =2.0A, Rg = 240, Rp = 61, See 
Figure 16 (MOSFET switching times are essen- 


tially independent of operating temperature) 


nN 
© 


Rise Time 


— 
- 


@ 
nh 
N 


Turn-Off Delay Time t(OFF) 
Fall Time 


_ 
© 
(=) 
no} 


i ee ee 
je 5 


14.4 


©) 


Total Gate Charge Ves = 10V, Ip = 2.0A Vos = 0.8 x Max Rating. 
See Figure 17 for test circuit (Gate charge is es- 


sentially independent of operating temperature) 


i) 
> 
?) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 


[op) 
~“J 
© 


r -_ _ =f on 
Go 


[gf] 8 | 


Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
drain lead, 6mm 

(0.25”) from package 
to center of die. 


Measured from the re 
source lead, 6mm 

(0.25") from header 
and source bonding 


pad. 


Internal Source Inductance 


oS 


co ry 
7) Oo 


> 
o 


Case-to-Sink Mounting surface flat, smooth and greased °C/W 


Source-Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse P-N 
junction rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current (Body Diode) 
(Note 2) 


Diode Forward Voltage (Note 1) Vsp Ty = +25°C, Isp = 2.0A, Veg = OV 


Ty = +25°C, Isp = 2.0A, digp/dt = 100A/jis e7 | | 40 | ns 
Ty = +25°C, Isp = 2.0A, digp/dt = 100A/is | 024 | 054 | 12 | nc 


Reverse Recovery Time 


Reverse Recovery Charge 


Forward Turn-on Time ton Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 
NOTES: 1. Pulse Test: Pulse width < 300ps. | 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle < 2% See Transient Thermal Impedance Curve (Figure 5). 
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IRF614 


’ Performance Curves 
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IRF614 


Performance Curves (Continued) 
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PREVIEW PRODUCTS 


C, CAPACITANCE (pF) 
Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


Vong. ORAIN-TO-SQURCE VOLTAGE Rae Qg, TOTAL GATE CHARGE {nC) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE VOLTAGE 
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Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON-RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE TEMPERA- 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


we] 
Ves =10V 


BVpss 


FIGURE 14a. UNCLAMPED INDUCTIVE TEST CIRCUIT FIGURE 14b. UNCLAMPED INDUCTIVE LOAD TEST WAVE- 
| FORMS 
| +Vps 
CURRENT > (ISOLATED 
REGULATOR SUPPLY) 
SAME TYPE 
AS DUT 


a4 
BATTERY | 


DUTY FACTOR < 0.001 2) 


eae 9 -Vps 
ae Ig CURRENT == Ip CURRENT. 
Ves = 10V SAMPLING SAMPLING 
RESISTOR RESISTOR 
FIGURE 15. SWITCHING TIME TEST CIRCUIT ; FIGURE 16. GATE CHARGE TEST CIRCUIT 
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i HARRIS 


RFA14NSOBE 


DEVELOPMENTAL N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 
Features Package 
° 14A, 500V MO-093 
TOP VIEW 


¢ RDS(ON): 0.42 
e Fall Time = 5ns 


. DRAIN 
e Very Fast Turn-Off Characteristics | ; 
e Nanosecond Switching Speeds | 
e UIS SOA Rating Curve (Single Pulse) 1- Gate 1 
e SOA is Power-Dissipation Limited 2 - Gate 2 
3 - Drain 
e Linear Transfer Characteristics 4 - Source Kelvin 
: 5 - Source 
¢ High Input Impedance 
e Majority Carrier Device Terminal Diagram 
e Electrostatic Discharge Protected N-CHANNEL ENHANCEMENT MODE 
Description @ 
The RFA14N50BE is an n-channel fast switching MOSFET transistor that 
is designed for switching regulators, inverters and motor drivers. The 
RFA14NS50BE is a monolithic structure incorporating a high voltage, high Gy 
current MOSFET, a control MOSFET and Esd protection diodes. As 
indicated in the symbol to the right, the turn on of the main MOSFET is 
controlled by Gate 1 (G1). The control MOSFET, controlled by Gate 2 (G2), Go 
is distributed throughout the structure and provides a very low impedance 
and low inductive path to discharge the gate of the main MOSFET rapidly Sk 
when very fast turn-off is desired. A separate return connection, Source (4) 
Kelvin (Sk), is provided for the gate drive circuits to avoid voltage induced “(5) 
transients from the output circuits during switching. The RFA14N50BE 
MOSFET transistor can be operated directly from integrated circuits. 
The RFA14N50BE is supplied in the JEDEC MQO-093 (5-lead) plastic 
package. Ss 
> 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified S 
oc 
RFA1 4N50BE UNITS = 
Drain=SOurce VONAGC c2. i cies edaweiedetieeieradiainiasiewasesint Gane Voss 500 V Lut 
Drain Current, ContinuOUuS .......... ccc cece cece cece ence eee eeeseeeeeenes Ip 14 A = 
PUISCG <i65 se siareeeeanere PA ea aoe Racin Ses wie als waa ea baa mad wa eae ae IDM 56 A a 
Gate-Source Voltage ............. uhine tee ecaa una eee ee dit wana VGs +14, -0.3 V 
Control FET Gate-Source Voltage ....... 0. cece cece cece eee e cere eeeeees Ves +14,-0.3 V 
Electrostatic Discharge Rating, Mil-Std-883, Category B(2)..........seeeees Esp 2 KV 
Avalanche Curent co.cc s ite oe 24.54 cals onesneees ses news Rea ddawes salea ese IAR 14 A 
Single Pulse Avalanche Rating ........ ccc ccc cece ccc ceceeceteececececs Eas 760 mJ 
Control FET Avalanche Current.......... ccc cece cece cece tence cece eeeeees IAR 1.5 A 
Control FET Single Pulse Avalanche Rating ..........cccceseceseeeenees Eas 50 mJ 
Power Dissipation; at TO: = F259 siscs vewaiasinn inane ewe eves ae ela sieiac Pp | 180 Ww 
Derating 1G = $2596 chow eee edaiahd Uatenie eeu hewensants Seca ee etuns 1.4 W/°C 
Control FET Power Dissipation, at TG = 259C 2... cece eee eee ee eens Pp 21 W 
Derated 1G >: 259G 4s: he ie neta ena cc tastes banedekensase Coesentetenin 0.17 W/°C 
Operating and Storage Junction Temperature Range.........eeeeeeeeeee Tj, TSTG ~55 to +175 oC 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 98 35 
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Specifications RFAT4N50BE 


Electrical Characteristics At Case Temperature (TC = +25°C), Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 250uA, Vas = OV 
Gate Threshold Voltage VGS(Th) Ves =Vps; Ip = 250yuA 


Teco - | - |v 
ae ee 


a ee 
Zero Gate Voltage Drain Current Ipss lVpg=500V,Veg=ov of - sO] | 250 
__fatonstascc «| || t000 [a _| 
Gate-Source Leakage Current Iass lves=ttzv = iT | tk 
Ves=-oev SOY dP 

a ere 


On Resistance 


Total Gate Charge 


Vps = 400V, Ip = 14A 


Gate Charge at 5V RL = 28.69, Vas =0-10V 


Threshold Gate Charge 


& |o 
@ |® , 


SWITCHING CHARACTERISTICS 


Turn-On Time VppD = 2507, Ip = 14A 


Turn-On Delay Time RL =17.99 


Turn-Off Delay Time 


Vasi1 = Vas2 = +10V 


Fall Time 


Turn-Off Time 


a 
O 
Tl 

aL 


g 
O 
7 
ae 


SOURCE-DRAIN DIODE CHARACTERISTICS 


|= 
| 


I 
Forward Voltage Ig = 14A, Vqs =O0V 


r 


THERMAL RESISTANCE 


Junction-to-Case RJc 


c. 

Cc 

ae | 

Q 

= 

=| 

rey 

> 

3 

a 

@ 

= 

D 

fae) 

Cc 
: 

5 . 
NX ro) <i< 
= 
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RFA1T4N50BE 


Resistive Switching 


SWITCHING TEST CIRCUIT 


Vest 
0 


Resi 
Vest 


0) 
Vaso | 
is 


SWITCHING WAVEFORMS 


+ 10V 
Vast 

Ov 

+ 10V 


Ves2 


10% 


OV 


t(OFF) 
aed oer 


tD(OFF) 
10% 90% 
Vps 
90% 10% 


PREVIEW PRODUCTS 
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ai HARRIS -_RFD3NO8L 
RFD3NO8LSM 


N-Channel Logic Level 


August 1991 Power Field Effect Transistors 
Features Packages 
° 3A, 80V | TO-251AA 


TOP VIEW 
* RpS(on) = 9.802 


Design Optimized for 5 Volt Gate Dri iealieag 
e 

esign Optimized for olt Gate Drive | DRAIN Sains 
e Can be Driven Directly From Q-MOS, N-MOS, or TTL 3 GATE 
Circuits 


e SOA is Power-Dissipation Limited 


e 175°C Rated Junction Temperature TO-252AA 
TOP VIEW 
® Logic Level Gate 2 
‘  ~ SOURCE 
e High Input Impedance | DRAIN 
= U GATE 

Description 
The RFD3NO8L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as Terminal Diagram 
programmable controllers, automotive switching, and solonoid 
drivers. This performance is accomplished through a special N-CHANNEL alae ea MODE 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 
The RFDS3NO8L is supplied in the JEDEC TO- 251 plastic 
package and the RFD3NO8LSM is supplied in the JEDEC TO- 
252 plastic package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
Dirain=Source Voltage, VOSS oii vis ees cisiee wae be be Sine aeiela bela eNG Rab aes FRE SUA Wa eTetweeeaw ens Mea wae eee tonne eee ets 80V 
Drain=Gate Voltage, (RES =-1mil), VOGR sacs shared encase ie weNend ees eee SREM Catia ee ew eee Gb sans Saw ee Sete eee sae a eetes 80V 
Gate-Source Voltage, VES .oscsck coe de sa beac aes Seen wad cae e SUR nwa ene S64 ed Une ek Fe ONG EN eNO NM CaN Nac ee dees eae ee +10V 
Drain Current: 

RMS Continuousiiptscucceicenacaeis Se ieeds ere nia ea eeaee ewes en gees dom terres eee ore en ean sop ee ouaawnns 3A 

PUISed, ID Mieses ctu eeasc aes eed seis Aheeieund on Pencen ATE e eer TOU CRT Te ey Tree ee SCOR Te Teco re eRe eee ee ere TA 
Power Dissipation, Pp: 

MS 26 as trisha seek rela iiihd remsdacve eoceeeemeaaeawmt eT re Re eS POT eee 30W 

Derate Above TG = +2590 so eiccc ees ie ee tew'e oi ode d tees s tinned eee ke wia vale nee sae 6548s os 04 bb eases nae ee bleles Keess 0.20W/9C 
Operating and Storage Junction Temperature Range, Ty, TSTG ...-ss ee ceeecveeeacecees PESOS e Le er eT eee ee Ce ne -55 to +175°9C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procdures should be followed. File Number 29836 
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Specifications RFD3NO8L, RFD3NO8LSM 


Electrical Characteristics (Tc = +25°9C), Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage 
loss 
ea mec maee 


= 
>| >| > 


Ip = 3A, Vps = 15V 


Turn-On Delay Time | tpion) «|. Vp = 40V, Ip = 1A 
Rise Time Rg = 6.25V, Vas = 5V 


Turn-Off Delay Time 
Fall Time t 160 


F 


Source-Drain Diode Ratings and Characteristics 


3/3 
QATOQTO 


=" 
G@ 
oO 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Forward Voltage Isp =1A ae re 
Reverse Recovery Time ied lf = 2A, di¢/dt = 100A/ps | | 150(typ.) | ons 


PREVIEW PRODUCTS 
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© HARRIS 


August 1991 


Features 
e 4A, 6OV 
¢ RDS(on) = 0-602 

e Design Optimized for 5 Volt Gate Drive 


e Can be Driven Directly From Q-MOS, N-MOS, or TTL 
Circuits | 


© SOA is Power-Dissipation Limited 
e 175°C Rated Junction Temperature 
e Logic Level Gate 


¢ High Input Impedance 


Description 


The RFD4NO6L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solonoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 


biases in the 3-5 volt range, thereby facilitating true on-off | 


power control from logic circuit supply voltages. 


The RFD4NO6L is supplied in the JEDEC TO-251 plastic 
package and the RFD4NO6LSM is supplied in the JEDEC TO- 
252 plastic package. 


RFD4NO6L 
RFD4NO6LSM 


N-Channel Logic Level 
Power Field Effect Transistors 


Packages 
TO-251AA 
TOP VIEW 
Sd SOURCE 
mmf J DRAIN 
oe pet GATE . 
TO-252AA 
TOP VIEW 
J SOURCE 
cr RAN 
— 1) GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 
D 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


“DFAINS SOUICG VONAGE VSS 6 wie iuasdeth cseda wth tade haw ee uur Ma cet Gotu ose Weel daw ma emenameeies SediGiee eas as 60V 
Drain-Gate Voltage, V0SS ...- ccc e cece eee ee ee eees RAGi new ase eCeR sa wet ia ern Meee Ree CU due Aa ak ae NW sais oe oem Ralenies ba wa aes 60V 
Gate-Source Voltage; VES: wasaccaasec ncnceld saint bp ate wad wales wo dare biiwhkcew dein aw Gwe a latte Wem ynuinseg awd ategacinuseld 40 uA +10V 
Drain Current: 

BMS: COntRUGUS) 15) ca sie 005s es inde eeeei awe e ota mans ads Gauianndcek te oGins soa GU Pees Cones Mee eeeee sees Melee eer 4A 
PUISEO IDM ci tins cease itan eck walewa idence Seb aaidy Radel eVe i abwag neue dae aa Wags Weled as wee ede Pa eae we eabeReneaee nals 10A 
Power Dissipation, Pp: 
AO PT LO°S wk Gamenscnceeesoe ibe aaeieae ceneeen ou ented aunaesat onan cae naae Gaus ond ab se ye nnean eta ahaa suaten is 30W 
Detate Above 16 = 425°C wecseceiodate sia ceicetwenn wrenGanmiadaew rakes be eeeeeran New eeGe sennes eo4.a0 be eewa sees 0.20W/°C 
Operating and Storage Junction Temperature Range, Ty, TSTG .. see c cece eee n nce e eee e nee e ee eeee cesses eee eeees -55 to +1759C 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procdures should be followed. File Number 4 8 37 


Copyright © Harris Corporation 1991 
10-28 


Specifications RFD4NO6L, RFD4NO6LSM 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Ves = OV 
Gate Threshold Voltage VGSith Vas=Vps:!p = 250nA 1 


Zero Gate Voltage Drain Current Ipss Vps = 50V 
Vps = 50V @ Tc = 125°C 


Gate-Source Leakage Current lass Vag = +10V,Vps = OV 
VDS(on) Ip = 1A, Vas =5V 
Ip = 2A, Vas = 5V 


LIMITS 


UNITS 


2.5 


se ie 
>|> 


100 


=} 
> 


[Gate crargeatsv———SS~S~w syd gsm v 


Threshold Gate Charge Qg(th) Vas =0to1V 


O};OoO 


A 
ol 
Ss 


Plateau Voltage Viplateau Ip = 4A, Vps = 15V 


Thermal Resistance, Junction to Case Rouc 


13 


160 


OC/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS 


Forward Voltage 
Reverse Recovery Time 


lp = 2A, dig/dt = 100A/us 


PREVIEW PRODUCTS 
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MHARRIS _ RFP15NO8L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistor 
Features | | Package 
° 15A, 80V TO-220AB 
TOP VIEW 


¢ RDS(ON): 9.142 


¢ Design Optimized for 5 Volt Gate Drive . DRAIN 
(FLANGE) 
¢ Can be Driven Directly from Q-MOS, N-MOS, TTL Circuits | 


© SOA is Power-Dissipation Limited 
© +175°C Rated Junction Temperature 


e Logic Level Gate 


¢ High Input Impedance Terminal Diagram 
Description N-CHANNEL sa ata MODE 


The RFP15NO8L is an n-channel enhancement mode silicon gate power 

field effect transistor specifically designed for use with logic level (5 volt) 

driving sources in applications such as programmable controllers, 

automotive switching, and solonoid drivers. This performance is 

accomplished through a special gate oxide design which provides full G 
rated conduction at gate biases in the 3-5 volt range, thereby facilitating 

true on-off power control from logic circuit supply voltages. 


S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP15NO8L UNITS 
Drain-Source VONAGE cee. sens ins vents onW ease ets ee Vee eeeeeasecsa VOSS 80 Vv 
Drain=Gate Voltage ss cedscnui et seontetaade Sew eres ox ba beak ue ess eine VDGR 80 Vv 
Gale=Source VOWS: ec etait saws iste twee eae awa edewuus hae eee Vas +10 V 
Drain Current, RMS Continuous ........ ccc cece ec cence eect c ccc ceseescevens ID 15 A 
PUISER Moc cious ses ewe wane eee eee thed iw enneetubeeeeuwe ea tae ies IDM 40 A 
Power Dissipation Total @ TG = +259C 10... cece cece c cece eee etter ee eeeeees Pp 72 Ww 
Power Dissipation Derating To = +259C ... 0. ccc ccc cent cece eens 0.48 W/9C 
Operating and Storage Junction Temperature Range..........ceceeveees Tj. TSTG -55to +175 oC 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2840 
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Specifications RFPT5NO8L 


Electrical Characteristics At Case Temperature (Tc = +25°C), Unless Otherwise Specified 


LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS 


7 
| eee ore 
a 


V(PLATEAU) | !D =15A Vps =15V 


1.05 


0. 


2 


25 


Source-Drain Diode Ratings and Characteristics 
LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS | MIN) | MAX | UNITS 


Reverse Recovery Time Ie = 4A, dif/dt = 100a/us | ea 225(typ) | ons 


or 


Rg =6.252 


@ 


_ 
A 


® 
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PREVIEW PRODUCTS 


HARRIS 


SEMICONDUCTOR 


wo 


June 1992 


Features 

e 70A, 60V 

© Fps(on) = 0.014 

e UIS Rating Curve (Single Pulse) 

¢ SOA is Power-Dissipation Limited 


Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance _ 

¢ +175°C Operating Temperature 

e Temperature Compensated SPICE Model Provided 


Description 


The RFG70NO6 and RFP7ONO6 N-Channel power MOSFETs are 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI! integrated circuits 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications such as 
switching regulators, switching: converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 


the RFG7ONO6 is supplied in the JEDEC TO-247 plastic package 
and the RFP7ONO6 is supplied in the JEDEC TO-220AB plastic 
package. ; 


RFG7ONO6 
RFP7ONO6 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
. TO-220AB 
TOP VIEW 
DRAIN = 
os SOURCE 
PENSE! __======> DRAIN 
| ===> GATE 
TO-247 
TOP VIEW 


Terminal Diagram 


D 
| : 
S 4 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


RFG70N06, RFP70N06 UNITS 

Drain: SOURCE VONAGE sic swt Sian nnn b4-4E SSSR eee eee we RY Voss 60 V 
Drain Gale VONAgC. i 5.cc0ss i840ps vad sat oucwa naleeesthwetivenene a4 Vocr 60 V 
Gate Source: Voitlage i esccoaet ane rns ce oietesd ee eases Maewoees es Ves +20 V 
Drain Current 

AMS COnminUOus ic isiadds. caged Urbain cea masanew teres ales Ip 70 A 

Pulsed Drait CUNO sy siaiec sue n Oe bdo Sd See P Oke eee awed lpm 180 
Single Pulse Avalanche Rating ........... 0. cece eee eect eee e eee Eas Refer to UIS Curve 
Power Dissipation Ai | 

Fe 425 C vas cavink eee en ua kak aoa oe seater awe ethene taiieleione ots Pp 150 WwW, 

Défate above st 25°C. y ctiiisdo tw mam saiae ews uclaw. sem tademete Py 1.0 WC 
Operating and Storage Temperature ............ cece cece eee e ees Tstarly -55 to +175 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 3206 


Specifications RFG70NO6, RFP70NO6 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 


wns 
SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Vestn) | Vas = Voss Ip = 0.25mA V 


t Vpp = 30V, Ip = 70A 


R. = 0.43Q, Ves = +10V 
Turn-On Delay Time tayon) Reg = 2.52 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


3 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


BOGOUEER 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


Rise Time 


> 


= 
ie) 


on 


’ 
- 
© 
} 
” 


Turn-Off Delay Time ta(otf) 
Fall Time 


—_ 
oi 


Turn-Off Time tott) 


Og (tot) Ves = OV to 20V Vop = 48V, 
Ip = 70A, 
es = OV to 10V | R, = 0.682 
Qo (thy Ves = OV to 2V 
Viplateau) _| 'p = 70A, Vpg = 15V 


Vos = 25V, Ves = OV 
f = 1MHz 


Total Gate Charge 185 


5 


Gate Charge at 10V 115 


= 


Threshold Gate Charge 


= 


Plateau Voltage 7 
Input Capacitance 


Output Capacitance 


Turn-Off Energy Loss per Cycle 


Reverse Transfer Capacitance 300 


Vop = 30V, Ip = 70A, 
L = 0.21p1H, Ry, = 0.432 
Ves = 10V, Ags = 2.52 


fe) & 


Junction to Ambient 


Thermal Resistance Junction to Case ee °C/W 
Thermal Resistance Diode Rasa en °C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


SYMBOL 


CHARACTERISTIC TEST CONDITIONS 


Isp = 70A, disp/dt = 100A/ps 


Forward Voltage 


Reverse Recovery Time 


10-33 


PREVIEW PRODUCTS 


RFG7ONO6, RFP70NO6 


EMPERATURE (To)=26 degC 


300 300 
iY Ide 
8. 100 Se ee ee See ee ae a a os Oo es See es cee es So 
(+ of 
3 SC w» 100 
we OPERATION IN ag = 
a THIS AREA LIMITED > 
= BY rDSCon) . 
0) ee ee ee 
oo ese eee) -—}+-—J — T= 
= = aetna ees } STARTING TJ 1 
oe ie = ae el ee " = 
Se I hee INI 
CT ror ; NIN. 
1 10 | 100 0.0 0.10 1.00 10.00 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING 


a 
wm wi 
F = 
; — 
a =! 
oO = 
fo; = 
— ed 
5 B 
z oa 
= ox 
Ss = 

a. 

76 100 125 1 50 76 100 1a 
CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (To) - degC 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs. FIGURE 4. NORMALIZED POWER DISSIPATION vs. TEMPER- 
TEMPERATURE ATURE DERATING CURVE 


DRAIN CURRENT (Id) - AMPS 


ON-STATE DRAIN CURRENT [IdCon)] - AMPS 


0 10 20 30 40 60 60 7.0 80 9.0 10.0 


5 3.0 4.6 6.0 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG7ONO6, RFP70NO6 


PULSE DURATION=-260ue Vge=-i0V Id«70A 


o 
c 
a 
~~ 
J 
ua 
Lo <4 
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uw 
~N 
= 
J 
« 
x 
oe 
Q 
=z 


50 100 160 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 7. NORMALIZED Ipgiony VS- SUNCTION TEMPERATURE 


I[d=260uA 


= a ry 
S) a ° 


(=) 
e 
ol 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdes) - VOLTS 


“0-H 0 ra) 50 % 100 125 160 176 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs. TEMPERATURE 


60 
46 


30 


ohas 
Ig(REF)=2.200A 
Vge~10V 


DRAIN SOURCE VOLTAGE (Vde) - V 
=) 
° 

GATE SOURCE VOLTASE (Yge) - V 


KM 


Ig( REF) : Ig(REF) 
20 cReT) TIME (t) - us 20-eaET? 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


Vge-Vde I[d=250uA 


HOLD VOLTAGE 


60 100 160 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs. 
TEMPERATURE 


Ygs-0V FREQUENCY Cf)={HHz 


88 8 8 6 6 


CAPACITANCE (C) - pf 


6 10 15 20 
DRAIN-TO-SOURCE VOLTAGE (Yde) - VOLTS 


FIGURE 10. TYPICAL CAPACITANCE vs. VOLTAGE 


Vpp 


Ri 
Vps 
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Vas 


an 


PREVIEW PRODUCTS 


FIGURE 12. RESISTIVE SWITCHING TEST CIRCUIT 
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RFG7ONO6, RFP7ON06 


Vps 


Vary tp to obtain 
required peak Ias 


Ves 
eet: 


FIGURE 13. RESISTIVE SWITCHING WAVEFORMS . FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


om 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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RFG70NO6, RFP70NO6 


PSPICE Model For the RFG70N06, RFP70NO6 


SUBCKT TA49007 2 13; rev 3/20/92 
*Nom Temp=25 deg C 


Ca 12 8 5.560-9 

Cb 15 14 5.303e-9 

Cin 6 8 2.63e-9 

DRAIN 


10 3 @ 
Ldrain 2 


Dbody 7 5 DBDMOD 
Dplicap 10 5 DPLCAPMOD 
Dbreak 5 11 DBKMOD = 


Rdrain Dbreak \7. 
ca (D 
Ebreak 11 7 17 18 65.1 


Eds 14858 1 + Vta 
Egs 13868 1 —| = Mos2 


Esg 610681 GATE Rgate Evto 
Evto 206 1881 e +fia\- Mos] 11 


1 9 20\ 8 6 
rer Lgate ‘ Ba Ebreak (Z) 
in 1 


ZS Dbody 


Lgate 19 3.10e-9 
Ldrain 2 5 1e-9 
Lsource 3 7 1.82e-9 


Lsource | 
uO 

7 

sich 4520 ounce 


Mos1 16 6 8 8 MOSMOD M=0.99 12 TORR vi 15 Rbreak 
Mos2 16,21 8 8 MOSMOD M=0.01 F7 13 i 18 


Rsource 3 


&) 


O) S 
Rbreak 17 18 RBKMOD 1 Sib iy, 7 326 Rvt 
Rdrain § 16 RDSMOD 4.6593e-3 | . 


Rgate 9 20 1.21 Co Cb (4) It 19 
Rin 6 8 1e9 + 


+] 14 
Rsource 8 7 RDSMOD 1.822e-3 & - 3) = Vbat 
Rvto 18 19 RVTOMOD 1 Eqs Eds \ 


Sta 6 12 13 8 S1AMOD 
$1b 13 12 13 8 S1BMOD 
$2a 6 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 


Vbat 8 19 DC 1 
Vto 21 6 0.6977 


-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.90 VOFF=-2.90) 

MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.90 VOFF=-4.90) 

MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.20 VOFF=4.80) 

-MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.80 VOFF=-3.20) 

»MODEL DBDMOD D (IS=1.11e-12 RS=2.91e-3 TRS 1=3.26e-3 TRS2=-5.07e-6 CJO=3.12e-9 TT=6.18e-8) 
-MODEL DBKMOD D (RS=9.46e-2 TRS1=8.47e-4 TRS2=-1.31e-6) 

MODEL DPLCAPMOD D (CJO=1.92e-9 IS=1e-30 N=10) 

MODEL MOSMOD NMOS (VTO=3.674 KP=38.507 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=9.55e-4 TC2=5.99e-8) 

-MODEL RDSMOD RES (TC1=5.01e-3 TC2=2.37e-5) 

-MODEL RVTOMOD RES (TC1=-3.71e-3 TC2=-6.01e-7) 


PREVIEW PRODUCTS 


-ENDS 


Note: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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aw HARRIS —  CA3169 


Solenoid and Motor Driver 


May 1992 | (1/2 H Driver) 
Features Description 
¢ Chip Encapsulated in a 5-Lead Plastic TO-220 The CA3169 ia a monolithic integrated circuit capable of driving 
Style Package (VERSA-VI) lamps and other devices that can be changed between two states 
* Output Short Circuit Protection (on or off). Transistors, SCR’s, and triacs are some of the solid 


state devices that can be controlled by the CA3169. This device 
* Thermal Overload Protection can also control relays, solenoids (latching or nonlatching), motors 
Solenoid Inductive “Kick” Protection with (DC - forward and reverse) and DC stepping motors. 

Internal-Clamp Diodes 


The CA3169 contains a separate source driver circuit with internal 


¢ Output Sink and Source Capacity of 600mA current limiting protection and a separate sink driver circuit. The 
Minimum Overtemperature sink driver contains an energy absorbing diode to protect the 
device against any inductive “kick” during state changes. The 

¢ Horizontal and Vertical Mountin ckages : He 
Papa ane greens CA3169 is protected against overvoltage conditions on the output 


drivers and overiemperaiure Conditions (ihermal-shutdown protec- 
Separate Sink Circuit and Source Circuit, Each tion). 


Individually Controlled 


The input operating levels are TTL compatible. The source and 
Applications sink outputs are in their off condition (non-conducting) when their 


respective inputs are in a HI state, or open-circuited. The outputs 
¢ Latching Solenoid Driver (Single and Multiple) are in their on state (conducting) when their respective inputs are 


e Non-Latching Solenoid Driver . LO. The VERSA-VI package is available with two lead configura- 
° Relay Driver tions. The CA3169 has a vertical-mount lead form, and the 


CA3169M has a horizontal-mount lead form. 
e¢ Lamp Controller 


¢ Lamp Driver Ordering Information 


PART NUMBER TEMPERATURE | PACKAGE | 
CA33169 -40°C to +85°C 5 Lead Plastic SIP 
Staggered Vertical 
CA33169M -40°C to +85°C 5 Lead Plastic SIP 
Surface Mount 


e¢ Motor Controller (Forward and Reverse) 
e¢ Stepper Motor Controller 

e On-Off Logic Controllers (TTL Logic) 
Intermediate Power Driver 


Triac, SCR, and Transistor Drivers 


Pinout Functional Block Diagram 
5 PIN PLASTIC TO-220 SIP SUPPLY (4) Veg 
TOP VIEW VOLTAGE 
' MOUNTING 
FLANGE 
(TERM. 6) 5 SOURCE INPUT 


S 
3 Seen OUTPUT SOURCE IN 


SOURCE OUT 


woe THERMAL 
PROTECTION OUTPUT A 
. SINK OUT 
——_| D2 
OVER VOLTAGE 3A MAX Osere 
PROTECTION SURGE 
SINK IN an ot D1 
2.5A MAX 
MOUNTING FLANGE 
(GND) 


CURRENT 
a LIMITING 7 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1992 , 11-3 


File Number 1277.2 


Specifications CA3169 


Absolute Maximum Ratings | 
Supply Voltage (Pin 1 to GND) Power Dissipation, Pp at Ty = 90°C ......... cee eee eee 15W 


POSIUVG acasawires paws thes ee eee ree 41V DC Thermal Resistance, Junction to Case: ...............6. 4°C/W 
Negative ....... Ee ee ee ee ee rad er 1.4V DC Junction Temperature ........ 0... eee eee eee eee +150°C 
Sink: Current: o.424 2 oii eaedttes- ee hws ok wmina Saas ee eS 1.9A Operating Temperature .............00eeeeee -40°C to +85°C 
Source Current......... Controlled by Internal Current Limiting Storage Temperature..............00 ee eeee -55°C to +150°C 
Input Voltage: . Lead Temperature (During Soldering): | 
Sink Input (Pin 4 to GND) ......... 0... ccc eee eee eee 17V_ At Distance 1/16 + 1/32 in. (1.59 + 0.79mm) 
Source Input (Pin 5 to GND). ....... 0... eee eee eee 17V from case for 10S MAX. ... 6... cece eee ee ee eee +265°C 
Maximum Forward Current - Diode D1........... PLnoe es 2.5A 
Maximum Forward Current - Diode D2................2008. 3A 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications at T, = +25°C, Voc = 10.5V to 18V Unless otherwise specified. 


PARAMETER SYMBOL TESTCONDITIONS | MIN | TYP | MAX | UNIT 
Output Leakage Current, Pin 2 Inputs Open Vcc = 4V to 18V +0.5 pA 
See Figure5 Source and Sink Loads = 200 
Output Leakage Current, Pin 3 Inputs Open Vcc = 4V to 18V +0.5 110 
See Figure 5 Source and Sink Loads = 200 
85c 


Thermal Resistance 
A 


m 


Quiescent Current, Pin 1 
See Figure 4 


Device “ON” input Terminals 
Shorted, Voc = 14V 


Quiescent Current, Pin 1 Device “OFF” Input Terminals 


See Figure 6 


Short-Circuit Current Limit, 
Pin 2 to Ground 


Turn-On Delay to Output-On, 
Pin 2 | 


Turn-Off Delay to Output-Off, 
Pin 2 


Referenced to Voc with 
Isournce = 600mA, See Note 3 
C, = 100pF, RL = 33Q ae 


C, = 100pF, RL = 332 


—_ |” 
17 
See Figure 3 Open, Vcc = 14V 
Thermal Shutdown Temperature a R, = Short Circuit | 128 «| 140 | 
Overvoltage Shutdown -Circuit R, = 200 27 Vv 
Upper Trip Point, Pin 1 Voltage 
See Figure7 
Overvoltage Shutdown - Circuit R, = 20Q 
Lower Trip Point, Pin 1 Voltage 
See Figure 7 
Input Logic Levels; Source Input - Pin 5, Sink Input - Pin 4 . 
Input Low Threshold | Vit Vec = 14V (See Note 1) 
Sink or Source 
Input High Threshold Vin Voc = 14V (See Note 2) 2.4 
Sink or Source 
Input Low Current Ie Vin $ 0.4V 
Sink or Source . 
Input High Current Vin $ 5.5V -110 
Sink or Source 
Output Voltage, Pin 2 Vos fo 


CEE 


Output Saturation Voltage 


Can Cicur, 9 


wu tt 'y 


° 
Output Saturation Voltage 
See Figure 9 


Isink = 600mA VIN < 0.4V 


S66 Note 3 


3 
V3 . Isink = 1000mA VIN < 0.4V 
See Note 3 


0.3 0.85 
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CA3169 


Electrical Specifications at T, = +25°C, Voc = 10.5V to 18V Unless otherwise specified. (Continued) 


[_PaRaWETER | SYMBOL | _TESTCONDMTIONS | _wN | TP | MAX | UNIT 


Turn-On Delay to Output-On Ton CL = 100pF, RL = 332 to Veco 0.45 us 
Pin3 

Turn-Off Delay to Output-Off CL = 100pF, RL = 332 to Voc me fe ee 
Pin3 


NOTES: 
1. lsource OF Isink $ 600MA, Vos < 1.5V, Von S$ 0.75V. 
2. Isource OF Isink S$ 100HA, Vsoqurce = GND, for Vinx 202 to Veo. 
3. Measured over temperature range of -40°C to +85°C. 


TRUTH TABLE FOR SOLENOID DRIVER 
TTL Logic Conditions: 0 < VL < 0.8, 1.9 < VH < 5.5 


INPUT A INPUT B OUTPUT A OUTPUT B 
SOURCE IN SINK IN SOURCE OUT SINK OUT 


HIGH (ON) (OFF) 


L H 


Q20 


SOURCE 
ENABLE 


CONSTANT 
CURRENT 
SOURCE 


SOURCE 
> V+ OUTPUT 


SINK 
D2 OUTPUT 


Q38 


POWER DRIVERS 
AND SWITCHES 


SINK 


ENABLE 
MOUNTING 


FLANGE 


6) 


= FIGURE 2. DETAILED SCHEMATIC OF THE OUTPUT CIRCUIT 


FIGURE 1. DETAILED SCHEMATIC OF THE INPUT CIRCUIT FOR CA3169. 
FOR CA3169. 
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CA3169 


Test Circuits 
(VCC = VIN = PIN 1 VOLTAGE) 


lo OFF 


4v TO Vin 


VIN si 36V 


FIGURE 3. QUIESCENT CURRENT DEVICE “OFF”. 


I 


FIGURE 4. QUIESCENT CURRENT DEVICE “ON”. 


Vin = 4V TO 18V 


Vin=14V.9 Vos 


FIGURE 6. OUTPUT SOURCE VOLTAGE (REFERENCED TO 
VCC). 


PROCEDURE 
1. Measure V12. 
2. Increase Ve until V12 2 2V. 


3. Measure Vcc; this voltage is the high trip point. Pin 2 should be 
off; i.e., pin 3 should be high. 


When Vez is turned on,.lIN should be equal to or greater than 1A. 


Thermal shutdown will operate properly if the input current drops 
below 0.5A (0.3A typ.) in 10 to 15 seconds. Cover the unit during 


4. Observe and measure the voltage at pin 3. 
5. Decrease Voc until pin 3 switches, i.e., < 18V. The supply voltage this test in the event that the thermal shutdown is not operating 
will be the low trip point voltage. properly. 
FIGURE 8. THERMAL SHUTDOWN. 


FIGURE 7. OVERVOLTAGE PROTECTION. 


— i, = 600mMA 


FIGURE 9. OUTPUT SATURATION VOLTAGE. 
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CA3169 


Typical Applications 


Vec Vcc 
SOURCE OUT A 


(SOURCE) OUTPUT A INPUT A INPUT A 
AUPE) [omg oureure eOUree) | pou 
(SINK) OUTPUT B >» INPUT B >» INPUT B 
(SINK) (SINK) 
LAMP A 
20 SINK OUT B 
When input A goes low, lamp A will light. Input A and input B must both be low for the solenoid to switch. 
When input B goes low, lamp B will light. 
FIGURE 10. LAMP DRIVER. FIGURE 11. NON-LATCHING SOLENOID. 
Vcc 
| RELAY OUTPUT A EU 
B 


~ INPUT INPUT ~ INPUT INPUT 
2A 1A 2B 1B 
(SOURCE (SINK (SOURCE or 
INA) INA) INB) INB) 
When opposing inputs go low, the motor will switch direction; if 


source input A and sink input B both go low, current will flow from A 


ae < to B. If source input B and sink input A both go low, current will flow 
Relay A will close when in input A goes low. Relay B will close when from Bto A. 


input B goes low. Both relays will close when both inputs go low. 


FIGURE 12. RELAY DRIVER. FIGURE 13. MOTOR DRIVER OR LATCHING SOLENOID 
DRIVER. 


POWER DRIVERS 
AND SWITCHES 
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MHARRIS = j§$CA3242 


Quad-Gated inverting Power Driver For 
May 1992 Interfacing Low-Level Logic to High Current Load 


Features | Description 


¢ Driven Outputs Capable of Switching 600mA Load The CA3242 quad-gated inverting power driver contains four 
- Currents Without Spurious Changes In Output State gate switches for interfacing low-level logic to inductive and 

; resistive loads such as: relays, solenoids, AC and DC 
* Inputs Compatible with TTL or 5 Volt CMOS Logic motors, heaters, incandescent displays, and vacuum fluores- 
e¢ Suitable for Resistive or Inductive Loads cent displays. 


¢ Output Overload Protection Output overload protection is provided when the load current 
(approximately 1.2A) causes the output Vo,-(Sat) to rise 
above 1.3V. A built-in time delay, nominally 25s, is provided 
ee aks during output turn-on as output drops from Vpp to Vsarz. That 
Applications | output will be shut down by its protection network without 
affecting the other outputs. The corresponding Input or 
Enable must be toggled to reset the output protection circuit. 


e Power-Frame Construction for Good Heat Dissipation 


e Relays 
* Solenoids Steering diodes in the outputs in conjunction with external 
e AC and DC Motors zener diodes protect the IC against voltage transients due to 


switching inductive loads. : 
e Heaters 


To allow for maximum heat transfer from the chip, the two 
center leads are directly connected to the die mounting pad. 
¢ Vacuum Fluorescent Displays In free air, junction-to-air thermal resistance (Roja) is 50°C/ 
W (typical), This coefficient can be lowered to 40°C/W (typi- 
cal) by suitable design of the PC board to which the CA3242 
is soldered. 


¢ Incandescent Displays 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CA3242E -40°C to +105°C | 16 Lead Plastic DIP 


Pinout Block Diagram 


16 LEAD DUAL-IN-LINE 
PLASTIC PACKAGE (E SUFFIX) 
TOP VIEW 


TRUTH TABLE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1 561 1 
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Specifications CA3242 


Absolute Information (T, = +25°C) Unless Otherwise Specified 


Logic Supply Voltage, Veg... ee cece c cee e etree tence 7V_ Ambient Temperature Range 
Logic Input Voltage, Vin .... eee cece ee cee ce tence eees 15V Operaiingc: vase atelsuse i eanaweeas -40°C to +105°C 
Output Voltage, Voy... ee cece cece tect e eee aeeee 50Vpc SIOAGO sec asccera deve orass case eeaieaeweoears -55°C to +150°C 
Output Sustaining Voltage, Voesys .-.-. ee eee eee eee ee 35Vp¢ Maximum Junction Temperature, Ty............. eee eee +150°C 
Output Current, lo. <sevasatcave sees eae ewe ewe ews 1Apc Maximum Thermal Resistance 
Power Dissipation, Pp Junction-to-Air, Ojy... ccc ccc ccc cece cece eee eeeees 60°C/W 
WB 10: 60°C hie ene ee vasa eee enamadsehdeorad ees 1.5W Junction-to-Case, 8), to pins 4, 5, 12, 13 at seat ....... 12°C/W 
Above 60°C... ... ccc eee eeess Derate Linearly at 16.6mW/C Lead Temperature (During Soldering) 
Up to 90°C wheat sink (PC Board) ..............000e- 1.5W At distance 1/16” + 1/32” (1.59 + 0.79mm) from 
Above 90°C wheat sink (PC board) .. Derate Linearly at 25mW/C Gase for 10S Max .:c.<5 sa eercessdewacdbawncoens +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = -40°C to +105°C, Voc = 5V Unless Otherwise Specified 


PARAMETERS SYMBOL 


Ouiput Leakage Current 


VceE(sat Ic = 100mA, Vin = 2.4V 


le = 400mA, Vin = 2.4V 


le = 600mA, Vin = 2.4V 


le = 700mA, Vin = 4.5V 


lc = 700mA, Voc = Vin = 5.5V 


=1A 


IF = 1.5A 
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OL-Lb 


(¥Y NOILOSS HOLIMS) ZpZEVO AHL AO WVHDVIG DILVINAHOS “| SHNDIS 


09 


Rig] R2 R4 R23 
3.73| 1.8 1.6 0.560 0.3 
= ihe | 
Be | 2 | CLAMP 
§ Pog <2 
ie a Ke 
| RIG 
oe a36| 
. aa 


RIS 
1.8 
Ris 
0.5 
T0a,¢c,a0 
c3 Paes R3 
i] 
Wg 130 Ree ah 


TO8,c ao 
Qis 


TO 8,C,0 at 
RB 
0.38 


NOTE: ALL RESISTANCE VALUES ARE K OHMS 
ALL CAPACITORS ARE IN pF 


Ba 


crceevo 


CA3242 


H-DRIVER 


MOR EACH OUTPLIT FIGURE 3. TYPICAL APPLICATIONS FOR THE CA3242 QUAD 


A 
fomtoe 


FLOATING 
SOLENOID 


ENABLE 
MISC. SWITCHING 
APPLICATIONS | 
FIGURE 4. TYPICAL APPLICATIONS FOR THE CA3242 FIGURE 5. TYPICAL APPLICATIONS FOR THE CA3242 
QUAD DRIVER QUAD DRIVER 
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© HARRIS 


SEMICONDUCTOR 


PRELIMINARY 


May 1992 


Features 


e Independent Over-Current Limiting On Each Output 

e Independent Over-Temperature Limiting On Each Output 
Output Drivers Capable of Switching 700mA Load 

e Inputs Compatible With TTL or 5V CMOS Logic 

e Suitable For Resistive, Lamp or Inductive Loads 


e Power-Frame Construction For Good Heat Dissipation 


Operational Temperature Ranges 


m CRSCG2A oo ous beeen howe eo oew a's -40°C to +125°C 
© (CAS262: sc eee euse bos we ware oa net -40°C to +85°C 

Applications System Applications 

¢ Solenoid e Automotive 

e Relay e Appliance 

e Light e Industrial Control 

e Steppers e Robotics 

e Motors — 

e Displays 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE | 
CA3262E -40°C to +85°C 16 Pin DIP 


CA3262AE -40°C to +125°C 16 Pin DIP 
CA3262AQ -40°C to +125°C 28 Pin PLCC 


Pinouts 


16 LEAD (DIP (E SUFFIX) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CA3262 


Quad-Gated Inverting Power Driver 


Description 


The CA3262 is used to interface Low-Level Logic to High 
Current Loads. Each Power Driver has four inverting 
switches consisting of a non-inverting logic input stage and 
an inverting low-side driver output stage. All input stages 
have a common enable input. Each output device has inde- 
pendent current limiting (Ij) and thermal limiting (T,)4) for 
protection from over-load conditions. Steering diodes in the 
outputs are used in conjunction with external zener diodes to 
protect the IC against over-voltage transients due switching 
of inductive loads. To allow for maximum heat transfer from 
the chip, all ground pins on the DIP and PLCC package are 
directly connected to the mounting pad of the chip. 


The CA3262 can drive four incandescent lamp loads without 
modulating their brilliance when the “cold” lamps are 
energized. 


Outputs can be paralleled to drive large loads. The 
maximum output current is determined by the minimum limit 
for over-current limiting which is typically 1.2 Amps but may 
be as low as 0.7 Amps. 


The best choice for over-voltage protection is to provide 
zener clamping diodes connected to the CLAMP pins with 
inductive loads. A typical zener diode voltage value for the 
CA3262 is 30 Volts or a value sufficient to guarantee that the 
CA3262 output does not exceed the sustaining voltage limit 
of 40 Volts when the zener diode is conducting. (Continued 
on 2-8) 


28 LEAD PLCC (Q SUFFIX) 
TOP VIEW 


ENABLE 


m 
= 


27 


INA 


=| OUTB 
fo] CLAMP 
I S| OUT A 


2 
a 


kd 


File Number 1836.1 
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CA3262 


Functional Block Diagram 


NOTES: 
1. Pins 4, 5, 12, 13 ground (Package E) 
2. Pins 5-11, 19-25 ground (Package Q) 


3. Pin numbers in parentheses apply to the Plastic 28 Leaded Chip Carrier (PLCC) 


TRUTH TABLE 


H = High, L = Low, X = Don't Care 


Description (Continued) 


-Over-voltage protection may or may-not be satisfied by 
connecting the CLAMP pin to a positive voltage equal or 
greater than the output load power supply. In many 
applications transient variations and non-tracking conditions 
may allow forward conduction through the steering diodes, 
further up-setting an unstable condition. 


Current-limiting is provided as protection for shorted or over- 
loaded output conditions. Voltage is sampled across a small 
metal resistor in the emitter of each output stage. When the 
voltage exceeds a preset comparator level, drive is reduced 
to the output. Current limiting is sustained unless thermal 
conditions exceed the preset thermal shutdown temperature 
of 155°C. 


If an output is shorted, the remaining three outputs will 
continue to function normally unless the continued heat 
spreading is sufficient to raise the junction temperature at 


any other output to a level greater than 155°C. High ambient 
temperature conditions may allow this to happen. The 
degree of interaction is minimized by separation of the 
Output devices, each to a separate corner of the chip. The 
Output stage does not oscillate when in the current limiting or 
thermal limiting mode. 


As noted, the thermal resistance of both the DIP and PLCC 
packages are improved by direct connection of the leads to 
the chip mounting pad. In free air, the junction-to-air thermal 
resistance, Bj, is 50°C/W (typical) for the DIP package and 
40°C/W (typical) for the PLCC package. This coefficient can 
be lowered to 40°C/W and 30°C/W respectively by suitable 
design of the PC board to which the CA3262 is soldered. 
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POWER DRIVERS 
AND SWITCHES 


Specifications CA3262 


Absolute Maximum Ratings 


Logic Supply Voltage, Voc ...- 2. eee eee Gacueeet aes 7.0V 
Logic Input Voltage, Vin .....-- cece ee cee eee c en eeee 15V 
Output Voltage, Vogy . 1... cece ccc e cece cnc ccceeee 60V 
Output Sustaining Voltage, Vce(sus) te is feiia ar ieyeife loves ava rorelese reverse 40V 
Output Curient, loeie sce cen seca t tan vein ee Vebew es eee es 1A 
Storage Temperature Range ................. -65°C to +150°C 
Operating. Temperature Range: 

CAS3262AE, CAS262AQ ........ cece we eeee -40°C to +125°C 

CASZ62E. 6 seis enact ies ecSusenetewn tataws -40°C to +85°C 
Thermal Resistance, Bia: 

CASZG2AG skis cas dat hole wes eae eet Beets 43°C/W 

CAS262E, CAS2GZAE: ia siciiesancviwsee ieeeedaeee Od 60°C/W 
Maximum Junction Temperature. ...........00ceeeeees +150°C 
Lead Temperature (Soldering 10s).............ce0cees +265°C 


Power Dissipation, Pp: 
CA3262E, CA3262AE: 


Up to +60°C (Free Air)... 2. ec ccc cece e eee ee eeee 1.5W 
Above +60°C:.............0.4. Derate Linearly at 16.6mW/C 
Up to +90°C wheat sink (PC Board): ..............0.: 1.5W 
Above +90°C; 
_ wheat sink (PC Board):.......... Derate Linearly at 25mW/°C 
CA3262AQ: : 
Up to +85°C (Free Air): 20... ce ccc eee cece eee 1.5W 
Above +85°C:...... ccc cece ees Derate Linearly at 23mW/C 
Up to +105°C with heat sink (PC Board): .............. 1.5W 
Above +105°C; 
with heat sink (PC Board):........ Derate Linearly at 33mW/C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. . 


Electrical Specifications At Vcc¢ = 5.5V, Ts = -40°C to +125°C, CA3262A; T, = -40°C to +85°C for CA3262 


ee 
rnmrens _|srwa|_vercowmene [a a 


Output Leakage Current Voge = 60V, Venaste = 0.8V 
Output Sustaining Voltage lo = 40mA 


Collector Emitter Saturation 
Voltage (See Figure 5) 


Veesan | Vin = 2V, Voc = 4.75V 
lc = 100mMA 
lo = 200mA 
l¢ = 300MA 
lo = 400mA 
Ic = 500MA 
lo = 600mMA 


Input Low Voltage 
Input High Voltage 
Input Low Current 
Input High Current 


Supply Current All Outputs ON 
(See Figure 4) 


Supply Current All Outputs OFF 
(See Figure 4) 


loc(on) 


loc(orF) 


= 


Clamp Diode Leakage Current 


Clamp Diode Forward Voltage Vv 
(See Figure 7) 


Turn-On Delay (See Figure 6) 


true teu 
| 


F 
Over Current Limiting (Note 1). . LIM Vout = 4.5V to 24.5V 
DESIGN PARAMETER 


Over Temperature Limiting 
(Junction Temperature) 


NOTE: 


lo = 700mA, Ta = -40°C 


Ma Lo 
I, | Vin = 0.8V 
VIN = VENABLE = 5.5V, Ic = 600mA 


Vin = 2V, Venaswe = 5.9V, 
louta = outs = loute = loutp = 250mA 


Va = 50V 
Ip = 1A, Viy = OV 
Ip = 1.5A, Viy = OV 


lout 500mA 


UNITS 


roe) N Oo 
«| 


N co) 


0.7 


= np] — o 
ror) “tN p 


1. With voltage on the collector of the output transistor as indicated (Voy7 = 4.5V to 24.5V) and with that output transistor turned on, the 
current will increase to a limiting value which will be a value of 0.7 A, minimum. That output will shortly thereafter (approx. 5ms) go into 
over-temperature limiting. (Excessive dissipation during thermal limiting may damage the chip.) 
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TTL OR 
CMOS 
LOGIC 
LEVEL 
INPUTS 


PS. 


CA3262 


U vee 
CONSTANT 
CURRENT é5 Ct) Es 
SOURCES 
; nertnanct 
NEST 1.2 VOLTS 
ENABLE © 


TO SUBSEQUENT STAGES 


FIGURE 1. CA3262 EQUIVALENT SCHEMATIC OF ONE INPUT STAGE 


A 
LY 
\ ‘ 
.) 
3 3 
(16) 4 1 7 
: ——€ 9 VBATT 
: : (13) = 
3 = 
’ v ARAL 
10 } ‘ 2) | ON 
bs \ 
oo 4 
© VBATT 
Gas 3 Se 
‘ \ 
(26) : __¥ 
‘ N 
15 3 4 MOTOR 
o- + @ iH CURRENT 
7) ‘ 2 HIGH SIDE DR 
(27) \ = 
\) 
: @) —~ 
\ 
3 + @, A 
\ ° e 
\ \ 
16 t (2) LAMP BATT [7] 
\ 
o > _™ 3 7 
‘ \ 
LIM | PINS 4, 5, 12 & 13 GROUND (PACKAGE E) 
= ‘ PINS 5-11 & 19-25 GROUND (PACKAGE Q) 
ee - PIN #’S IN PARENTHESIS APPLY TO PACKAGE Q 


FIGURE 2. QUAD-GATED INVERTING POWER DRIVER (QDR) SCHEMATIC WITH TYPICAL 
LOAD-DRIVE APPLICATIONS SHOWN. (SEE FIGURE 3) 


4S 


ILIM 


CURRENT 
OF ik AMPLIFIER ie 
CURRENT 
iccue 
EACH OF THE QDR OUTPUTS SHOWN IN FIG3IS A 


COMPOSITE CIRCUIT WITH OVER-TEMPERATURE = =—_ TT TTT TTT e sees presses eee eee 
SENSE FOR THERMAL LIMITING & OVER-CURRENT — 
SENSE TO PROVIDE CURRENT LIMITING 


BANDGAP 
VOLT. REF. 


FIGURE 3. QUAD-GATED INVERTING POWER DRIVER (QDR) 
OUTPUT EQUIVALENT CIRCUIT 
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POWER DRIVERS 
AND SWITCHES 


CA3262 


a A a a 


< 

3 50 4 0.5 

a > 

= Vin = 2V, | = 250mA (EACH) ’ 

ii P < 
0.3 

3 30 = 

a 

a 

a. 

= | 

7) 


I I I i 
Vin = OV, lout = OMA 


COLLECTOR-TO-EMITTER SATURATION VOLTAGE 


40 -20 0 20 40 60 80 100 120 140 i ee een one 
AMBIENT TEMPERATURE (Ta) - °C AMBIENT TEMPERATURE (Ta) - °C 
FIGURE 4. TYPICAL SUPPLY CURRENT (PIN 11) FIGURE 5. TYPICAL COLLECTOR-TO-EMITTER SATURA- 
CHARACTERISTICS TION VOLTAGE CHARACTERISTICS _ IN 
: QUAD-GATED INVERTING POWER DRIVER 
OUTPUT 


9, 10, 15, 16 
(16) (17) (27) (28) >| tpye <-> Itpuy|—<— 
Vout | (OFF) 
1, 3,6,8 
(2) (4) (42) (14) (ON) 50% 50% 


PROPAGATION DELAY TIME (ig) - ps 
CLAMP DIODE FORWARD VOLTAGE (Vr)- V - 


40 -20 0 20 40 60 80 100 120 140 40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (Ta) - °C AMBIENT TEMPERATURE (Ta) - °C 
FIGURE6. TYPICAL PROPAGATION DELAY TIME FIGURE 7. TYPICAL CLAMP-DIODE FORWARD 
CHARACTERISTICS VOLTAGE CHARACTERISTICS 


1.5 


0.5 1 - CA3262E, CA3262AE W/O HEAT SINK 

= CA3262E, CA3262AE WITH PC BOARD HEAT SINK 
- CASZ6ZAQ W/O HEAT SINK 

re CA3262AQ WITH PC BOARD HEAT SINK 


PACKAGE DISSIPATION (WATTS) 


50°C 100°C 


AMBIENT TEMPERATURE (°c) 
FIGURE 8. PACKAGE DISSIPATION RATING CHART 


0°c 
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HARRIS 


SEMICONDUCTOR 


CA3272 


Quad-Gated Inverting Power Driver With 
Fault Mode Diagnostic Flag Output 


aD 


May 1992 


Features 
e Independent Over-Current Limiting on Each Output 


¢ Independent Over-Temperature Shutdown With Hys- 
teresis on Each Output 


Capable of Switching 600mA Load Currents 
Inputs Compatible With TTL or 5 Volt CMOS Logic 


e Suitable For Resistive or Inductive Loads 


_¢ Power-Frame Construction for Good Heat Dissipation 
Fault Mode Output Flag 


Description 


The CA3272 quad-power NAND driver contains four NAND- 
gate switches for interfacing low-level logic to inductive and 
resistive loads such as: relays, solenoids, AC and DC 
motors, heaters, incandescent displays, and vacuum fluo- 
rescent displays. 


To allow for maximum heat transfer from the chip, all ground 
leads are directly connected to the die substrate and to the 
ground bond pads. In free air, junction-to-air thermal 1 resis- 
tance (Rg ja) is 40°C/W (typical). 


This coefficient can be lowered to 30°C/W (typical) by 
suitable desian of the PC board to which the CA3272 is 


e Operating Temperature Range...... -40°C to +125°C soldered. 

: The individual outputs are protected with over-current limit- 
Applications System Applications _ ing (ly) and over-temperature (T,4y) shutdown. Any one 
° Solenoid « Automotive output that faults (see Fault Logic Table) will switch Pin 1 toa 

constant current pulldown. 
2 ey 2 APP anCe If an output load is shorted, the remaining three outputs 
¢ Light ¢ Industrial Control function normally unless the junction temperature (typically 
e Steppers ¢ Robotics +165°C) of those outputs is exceeded. The output stage 
° Motors does not change state (oscillate) when in the current limit 
mode. 
¢ Displays 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CA3272 -40°C to +125°C 28 Lead PLCC 


Pinout PLASTIC 28 LEADED CHIP CARRIER (PLCC) 
(Q SUFFIX) 
TOP VIEW 
o <5 = 
5 5 2 < ow s 
S u = = wi n ” 
INDEX 4] [3] [2] 17] Be bg bu 
i = 5 
ce 
B= 
np [5] bs] GND cs 
Lol 
GND [6] GND = = 
<x 
GND GND 
GND | 8] GND 
GND | 9| GND 
GND /10; GND 
GND [111 Ho] GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


All inputs and enable have internal pulldowns to turn “off” the 
outputs when inputs are floating. 


The CA3272 can drive four incandescent lamp loads without 
modulating their brilliance when “cold” lamps are energized. 
Outputs can be “ganged” to drive large loads. 


The CA3272 is supplied in a plastic 28 leaded chip carrier, 
PLCC (Q suffix). 


6] [17 
Qa Oo 
zz 


Vec [a] 
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File Number 2223.1 


CA3272— 


Block Diagram 
; Oo-— 


Vec 
26 


Pore Ga 
18 o 3, 


16 
@ 


"ig ict 
aan: 
2B 


®@ 
a 
ie 
SSeS Sere ee ee | 
T. 
8 


= @ 

<< 
CH) 
, 
rs) 

> 

f=] 

8 

5 


{ GROUND PINS 5 - 11, 19 - 25 


TRUTH TABLE 


H = High, L = Low, X = Don’t Care 


FAULT LOGIC TABLE 


Over Current, Over Tempera- 


ture or Short to Power Supply 
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Specifications CA3272 


Absolute Maximum Ratings (T, = +25°C) Unless Otherwise Specified 


Logic Supply Voltage, Vcc 

Logic Input Voltage, Vin 

Output Voltage, Vcex 

Output Sustaining Voltage, Vc¢gsus) 


-4 2, +50Vpc 
40Voc 


Output CUNnGNt, los ss ei Se dds oes eerie smeenig ease ees 1.6Apc 


Power Dissipation, Pp 

Up to 85°C ........ RA acepam ote aaa eae oe aoe ee 1.5W 
Above 85°C | Derate Linearly at 23mW/°C 
Up to 105°C w/Heat Sink (PC Board) 

Above 105°C wHeat Sink (PC Board)... Derate Linearly at 33mW/°C 


Ambient Temperature Range 
Operating -40°C to +125°C 
-55°C to +150°C 
Maximum Junction Temperature, Ty 
Maximum Thermal Resistance 
Junction-to-Air, 6), 
Lead Temperature (During Soldering) 
At distance '/1, + '/39" (1.59 + 0.79mm) from 
case for 10s max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = -40°C to +125°C, Voc = 5V Unless Otherwise Specified 


Ouiput Sustaining Voitags 


Collector Emitter Saturation Voltage VcE(saT) 


Input Low Voltage 


Vit 
Input Low Current hie 
IH 


Input High Voltage V 
Input High Current 


Supply Current ON (All Outputs ON) Iccion) 


Supply Current OFF 
(All Outputs OFF) 


Icc(OFF) 


Turn-On Delay tee tery 


Over Current Limiting” 
(For Each Output) 


Fault Output 


lon 

Voi 
Output Sense Thresholds Vut 
Vir 


DESIGN PARAMETER 


Over Temperature Limiting 
(Junction Temperature) 


PARAMETERS SYMBOL TEST CONDITIONS | MIN) | MAX | UNITS 


Output Leakage Current Vee = 5OV, Venape = 0.8V | = | 100 | pA | 


lo = 400MA, Viy = 2V, Veg = 4.75V, Ta = +125°C 
Io = 500mA, Vin = 2V, Voc = 4.75V, Ta = +25°C 
lc = 600mA, Vin =2V, Voc = 4.75V, Ta= -40°C 
Vin = 0.8V 
Vin = 5.5V, Venasie,= 5.5V 


lour(A, B, C, D) = 250A, Viy = 2V 
VENABLE = 9.5V 


Vout = 4.5V to 24.5V, R, (Min) = 4Q 0.7 


lLoap = SOpA 


Input = 2V Min 


Input = 0.8V Max 


e 

= _ 

_ . ’ e 
e 


LIMITS 


40 


< 


POWER DRIVERS 
AND SWITCHES 


V 


oi ae) 
OT & 


* With voltage on the collector of the output transistor as indicated (Voyt = 4.5V to 24.5V) and with that output transistor turned on, the current 
will increase to a limiting value which will be a value of 0.7A minimum. That output will shortly («5ms) thereafter go into over temperature 
shutdown. (Excessive dissipation during thermal shutdown may damage the chip.) 
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CA3272 


CONSTANT 
(+) CURRENT 
SOURCE 


INPUT 
REFERENCE 
27 | VOLTAGE 
| 1.2V peat 
| TTL 


TO 
\ SUBSEQUENT LEVEL 
STAGES INPUTS 


* INPUT AND ENABLE PULLDOWN SOURCES 
FORCE OUTPUT TURN-OFF FOR 
= 9 UNTERMINATED INPUTS. 


FIGURE 1. SCHEMATIC OF ONE INPUT SECTION FIGURE 2. QUAD-GATED INVERTING POWER DRIVER 
(QDR) SCHEMATIC WITH TYPICAL LOAD-DRIVE 
APPLICATIONS SHOWN (SEE FIGURE 3) 


FAULT FROM 
OTHER CHANNELS 
——— 


4 ; ; THERMAL — 
. SHUTDOWN 
WITH OUTPUT 
HYSTERESIS 
INPUT C a BASE 
ENABLEO DRIVE 
ENABLE OUTPUT 6030 
LIMIT (METAL) 
CHANNELS 


FIGURE 3. QUAD-GATED INVERTING POWER DRIVER (QDR) OUTPUT EQUIVALENT CIRCUIT. THE FAULT 
OUTPUT REQUIRES A PULL-UP LOAD SUCH AS AN EXTERNAL RESISTOR (R_ex7). A CAPACITOR, 
Cex; SHOULD BE USED TO SUPPRESS SWITCHING SPIKES 
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Foe an CA3273 


May 1992 High-Side Driver 

Features Description 

e Equivalent High Pass p-n-p Transistor The CA3273 is a power IC equivalent of a p-n-p pass tran- 

sistor operated as a high-side-driver current switch in either 

¢ Current Limiting. ..........0ec ce eaeees 0.6A to 1.2A the saturated (ON) or cutoff (OFF) modes. The CA3273 

°e Over-Voltage Shutdown. ...........06. +25V to -40V __ incorporates circuitry to protect the pass currents, excessive 

e input voltage, and thermal overstress. The high-side driver is 

e Junction Temperature Thermal Limit......... +150°C intended for general purpose, automotive and potentially 

e Equivalent beta of 25................8- 400mA/0.5V _‘high-stress applications. If high-stress conditions exist, the 


use of an external zener diode of 35 volts or less between 
supply and load terminals may be required to prevent dam- 
age due to severe conditions (such as load dump, reverse 
Applications battery and positive or negative transients). The CA3273 is 
Gesigned io withstand a nominal reverse-battery (VBAT = 
13V) condition without permanent damage to the IC. The 
¢ Relay Driver CA3273 is supplied in a modified 3-lead TO-202 plastic 
power package. 


e Internal Bandgap Voltage and Current Reference 


e¢ Fuel Pump Driver 


¢ Solenoid Driver 
e Stepper Motor Driver 
¢ Remote Power Switch 


¢ Logic Control Switch 


Package | Block Diagram 
OUTPUT PASS 
(3) Vout Veco : Icc Rs TRANSISTOR Ig i Vo 
(2) Vsw o 
ia mie 
| RL 
DRIVE & LIMITING LOAD 
MODIFIED TO-202 CONTROL 
ae 8, ae ae ee — = 
faa afamnciian PIN 2 25 
Ordering Informatio SW 4 CONTROL a 
¢ INPUT —_ 
tu w* 
PART TEMPERATURE PACKAGE & = =F 
NUMBER RANGE LEAD FORM ao < 
CA3273 -40°C to +85°C TO-202 MODIFIED 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 1 3.2 


Copyright © Harris Corporation 1992 
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Specifications CA3273 


Absolute Maximum Ratings 


Fault Max, Voc (Limited Iog, -40 to +85°C) .......... 25V to 40V.—s Thermal Resistance, Junction to Ambient.............. +70°C/W 
Operating Voc (Ry, = 40, -40 to +85°C) ........... 2. eee 16V Junction Temperature (Note 2) ......... 2. eee eee +150°C 
Operating Voc (Ry, = 40Q, -40 to +25°C) ... 2... eee eee eee 24V Ambient Temperature Range: 

Vo (Output) Inductive Pulse Rating (-40 to +85°C), Operating Temperature Range ............... -40°C to +85°C 
Vaw ODEN teas he exesinatessaewneamemeasp eens Voc +12V Storage Temperature Range.................. -40°C to +150°C 
Operating Iog (-40 to +85°C) 2... eee eee eee eee ....1.2A — Lead Temperature (During Soldering): 

16 (-40 10 465°C) co vis esc e sie dag eve gatwweueeweses 400mA At distance 1/16+ 1/32 in. (1.59 + 0.79 mm) 

Ig (ADO 425°C)s aaweusatieres wees eeeseestone ieee 600mA from case for 12S MAX. ....... 2. cece cece cece eeaes +260 °C 
Dissipation, Pp at +25°C Ambient (Note1)................ 1.8W  NoTES: 

Derate Above +25°C (No Heat Sink) ............... 14.3mW/°C 


1. Pp = (Vcc 7 Vo) x lo + Vec x Isw: Ty = Ta + Pp x (84) 
2. Thermal limiting (shutdown) occurs at +150°C on the chip. 


Electrical Specifications at T, = -40°C to +85°C,(See Block Diagram For Test Pin Reference) 


PARAMETER SYMBOL 


Operating Voltage Range p Veco Voc Reference toVsy 


Cw [ve [a | were 
aca 
| Voc = 16V 


Operating Loe Ta | Voon tavie2av ao f 


ae i 

(Increase Voc) (Vo goes Low) 

[econ swaow | [er 

A = 
a 
Soe 
es 
a 


TEST CONDITIONS 


Vec = 24V, lo = -600mA 


Control Current, Switch ON: p= | a3 [= | om | 


Vec 

Rt 
Max. Control Current: R, = 400, Vow = 1V 
Output Current Cutoff: Lt Vo = OV, Veg = 16V 
ee eT - [wT 
Co [= [eo To 


Control Current, Switch OFF: 


mA 
mA 


pA 
pA 
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CA3273 


Vcc 
INPUT c 


PIN 1 


BANDGAP 
VOLTAGE/CURRENT 
REFERENCE 


OVER-VOLTAGE 


THERMAL CURRENT 
SHUTDOWN LIMITING LIMITING 
BASE DEVICE DEVICE 
BASE DEVICE DEVICE 


OUTPUT PASS 
ai TRANSISTOR Vo 

> OUTPUT 
PIN 3 


| LEQNTROL. CIRCUIT 


FIGURE 1. FUNCTION BLOCK DIAGRAM OF CA3273 


FIGURE 2. TYPICAL APPLICATION WITH ZENER DIODE 
(S Vec +12V) FOR INDUCTIVE SWITCHING PULSE 
OVER-VOLTAGE PROTECTION 
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RESISTIVE 


ees amare | 


—\-] RELAY 
en 


FIGURE 3. TYPICAL LOADS 


POWER DRIVERS 


AND SWITCHES 


pHearms = jCA3274 


Current Limiting Power Switch 


May 1992 . 3 | | With Current Limiter Sense Flag 
Features ; 7 Description 
¢ Drive-Current Limiting at Output The CA3274 is a controlled current switch and may be used in 


general purpose switching applications that require specified 
| maximum levels of current. The functional block diagram of 
e 200mA Driver Current Capability | the CA3274 is shown and a typical application circuit is shown 
in Figure 1. An internal emitter follower has 200mA of source 
drive output capability. The Control Input is a Schmitt trigger 
Current Limiting Flag Output buffer amplifier for noise immunity in the environments typical 


of industrial and automotive control systems. 
50dB Minimum PSRR 
; Current sensing in the emitter circuit of a power-darlington 
¢ 5S Typical Switch Time output stage is fed back from a sampling resistor to the sense 


example shown in Figure 1, a sampling resistor of 0.056 ohm 


e Current-Sense Buffer and Reference 


e Logic-Level Control input 


. ee permits 6.0 amperes (0.335/0.056) of current in the emitter of 

Ap P lications the output driver. When the current limiter is activated, the flag 
e Solenoid Switch Driver output changes state conditionally. If the control input is the “O” 
state, the flag output will remain in a “1” state. If the control input 

¢ Relay Driver is in the “1” state and the sense input is less than the voltage 
° Lamp Control Switch reference level of 335mV, the flag output will remain in the “1” 
state. If the control input is the “1” state and the sense input is 

. Ignition Coil Pre-Driver equal to or greater than the 335mV reference level, the flag 
© Constant Current Driver Output goes to the 0" state. The output flag switch may be used 
to accurately establish dwell timing in automotive applications. 

e Current Limiting Switch When the control input goes to “O”, the flag is reset to “1”. Noise- 


immunity hold-off is used to prevent pre-triggering of the flag 


= Raub Output cence Appience output and is noted as td in the timing diagram of Figure 2. 


Pomel Supply Fault mode Conte! The flag output may be used for diagnostic feedback via the 


©) Current sense input to detect a fault mode. In this case the 
Ordering Information sampled drive current is either from the emitter of the CA3274 


internal power transistor or an external output amplifier, such as 
TEMPERATURE 
PART NUMBER RANGE 


a darlington power transistor or power-FET output stage. The 
CA3274E -40°C to +85°C 8 Lead Plastic DIP 


CA3274 has separate power and signal grounds to minimize 
transient-loop feedback to the input ground and thus prevent 
false triggering of the output. Optionally, the output from the 
CA3274 may be taken from the open collector (DRIVE IN) at 
pin 6. An external resistor at pin 6 may be used to set the level 
at which Q2 will saturate, providing additional limiting protection 
for the maximum forward-drive from the CA3274. 


Pinout 
8 LEAD DUAL-IN-LINE PLASTIC PACKAGE (E SUFFIX) 
TOP VIEW 
FLAG OUT | 1. 181 Vcc SUPPLY 
SENSEIN |2 7] CONTROLIN 


POWERGND |3/| 16 | DRIVE IN 


SIGNALGND | 4. 15 | DRIVE OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. | File Number 2222.1 
Copyright © Harris Corporation 1992 . 11-24 


_ CA3274 


Block Diagram 


SOLENOID LOAD 


CONTROL 
LOGIC & 
CURRENT 


DRIVE IN 
DRIVE OUT 


CONTROL .7 
IN 


PaaeaLaaea 


8 
‘ 
‘ 
‘ 
‘ 
A) 
‘ 
‘ 
‘ 
‘ 
‘ 
i) 
‘ 
‘ 
‘ 
N 
‘ 
‘ 


OUT . N SENSE 
; Sat LATCH eS SENSE i 
; . 
N N 
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FIGURE 1. TYPICAL APPLICATION AS A POWER SWITCH PRE-DRIVER SWITCH 
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Specifications CA3274 


Absolute Maximum Ratings 


Operating Drive Supply, Voc ........ eee ae ee eee 16V Operating Temperature Range ................. -40°C to +85°C 
Maximum Output Current, Io... cece cece eee eee 200mA_ = Storage Temperature Range.................-. -55°C to +150°C 
Control, Sense Input.................4-. Gnd - 0.5V, Veg + 0.5V Lead Temperature (During Soldering) 
Signal, Power Differential Ground Voltage.................6. +1V At distance '/,," (1.59 + 0.79mm) from 
Power Dissipation, Pp case for 10S. MAK <6 deg o-s's cela cease seus eetansodenss +250°C 
"UDIO 70°C 4.055654 cease ieee eee dea ues 630mW 
Above 70°C............200. .... Derate linearly at 7.7mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications — At T, = -40°C to +85°C, Unless Otherwise Specified 
LIMITS 


PARAMETERS - SYMBOL TEST CONDITIONS | min | TYP | MAX” UNITS 


Power Supply Current: S1 = 2 Control = High (Output On) fe ae ee ee mA 


Control Input: $1 =3 Vind 


Vena" V that. 


ie Leakage, 0.0 to 5.5V +20 


eat Output Saturation Voltage, Ico; = 200mA, V 
Veontrot = High 


Collector Output Leakage, Vcontrot = 
Low 


Vsense = High, letag = 3MA 


Output Leakage, Vcc = Ve_ag = 10V 


ton» lott Control In to Drive Out 


Driver In, Out (Pin 6, 5):S1=3 


< 


Sense Input Thd. Level: S1 = 1 


Power Supply Rejection Ratio 


NOTES: 
1. Refer to Figure 3 Test Diagram for electrical test connections. 
2. Refer to Figure 2 Timing Diagram for logic switching and prop delay. 


_ 3. Unless otherwise specified: Veg = Veco; = Voce = 7 to 10 volts; 
Vsense = Low’; Vcontrot = “Low’; 3 
Control in levels are defined as “Low” equals 0.0V and “High” equals 5.0V. 
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CA3274 


CONTROL IN - PIN 7 


DRIVE OUT- PIN 5 


CURRENT 
LIMITING —> 04 


OUTPUT 
LOAD CURRENT 


SENSE IN - PIN 2 


FLAG OUT- PIN 1 


(NOISE HOLD-OFF 
DELAY) 
tae 
tFLAG 
* For Voc = 7V to 10V; ty, (MAX) = 600pnS , DELAY 
if Control In = High, Sense In = High; 
Pin 1, Flag Out can go low only if tsense 2 ty 
FIGURE 2. CA3274 TIMING DIAGRAM 
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SIGNAL =. = . = = = 
GROUND ~ $ ~ . 
. : 
: Tassmv] § meccee 
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FIGURE 3. CA3274 TEST CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


aD 


May 1992 


Features 


Dual-H Drivers on One IC 


+ 150mA Maximum Current 


Logic Controlled Switching 
¢ Direction Control 

PWM Ioyrz Control 

18V Over-Voltage Protection 
300mA Short-Circuit Protection 


Nominal 10V to 16V Operation 


Internal Voltage Regulation With Bandgap Reference 


Applications 
e Dual H-Switch For Air Core Gauge Instrumentation 


uP Controlled Sensor Data Displays 


Speedometer Displays 
¢ Tachometer Displays 
Stepper Motors 


Slave Position Indicators 


CA3275 


Dual-H Driver 


Description 


The CA3275 Dual-H Driver is intended for general-purpose 
applications requiring Dual-H drive or switching, including 
direction and pulse-width modulation for position control. 
While all features of the IC may not be utilized or required, 
they would normally be used in instrumentation systems with 
quadrature coils, such as air-core gauges, where the coils 
would be driven at frequencies ranging from 200Hz to 
400Hz. The coils are wrapped at 90° angles for independent 
direction control. Coils wound in this physical configuration 
are controlled by pulse width modulation, where each coil 
drive is a function of the sine or cosine versus degrees of 
movement. The direction control is used to change the direc- 
tion of the current in the H-Driver coil. 


The switch rate capability of the IC is typically 30kHz regard- 
less of the inductive load. Over-current limiting is used to 
limit short circuit current. Over-voltage protection (in the 
range of 18V to 40V) causes the device to shut down the 
output current drive. Thermal shutdown limits power dissipa- 
tion on the chip. The CA3275 is supplied in a 14 lead dual-in- 
line plastic package. 


Ordering Information 


PART TEMPERATURE | PACKAGE 
CA3275E -40°C to +85°C 14 Lead Plastic DIP 


MICROPROCESSOR CA3275 
PHASE, DIRECTION DUAL-H 
DRIVER 


& PWM CONTROL 


Pinout Block Diagram 
14 LEAD DUAL-IN-LINE PLASTIC 
PACKAGE (E SUFFIX) 
TOP VIEW 
COIL A- 14} COIL A+ 
Vee [2. 13] GND 
Vec [3 PWMA SENSOR& |_1 
PWMB [4] 14] DIR A AD. VIFETC -Y 
DIR B [5 | 10] GND 
Vec LS) 19} GND 
COIL B- 18} COIL B+ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


File Number 2159.1 
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Specifications CA3275 


Absolute Information (T, = +25°C) Unless Otherwise Specified 


Operaling Vee..2s ek eke e ee eee sweat om eeee Sees 16V. Ambient Temperature Range 
Transient Vcc, 30 Seconds Maximum .........-.. 20 eee eee 24V Operalingec.esshie ew tad eeu wise eee « -40°C to +85°C 
Peak Vcc, 0.4 Seconds Maximum ............-.-0 eee eee 40V StOlMad6:s 5 5 ace ie wanes oe eoeaa ee -55°C to +150°C 
Maximum Continuous Output Current,................62- +100mA Lead Temperature (During Soldering).................. +265°C 
Each Drive At distance 1/16 + 1/32" (1.59 + 0.79mm) fromcase for 10s max 
Maximum PWM Output Switching Current,............... +150mA 
Each Drive 
Power Dissipation, Pp 
Ub1O 47 OC nc ot ca enee sa teet tapes ev itasce nees 750mW 
Above +70°C........2.e ceca Derate Linearly at 11.4mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At Ts = +25°C, Voc = 16V Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL } MIN | TYP | MAX | UNITS 


Operating Supply Voltage Range 
Supply Current (Note 1) 
INPUT LEVELS 


Logic Input, High Voltage Sm | 


Logic Input, Low Current, V\, = OV 


Logic Input, High Current, Vi = 5V . S| 


OUTPUT: RLA = RLB = 138Q 


ee ee | 
lec 3 8 20 mA 


Differential Vs; Voltage, Both Outputs Saturated 


Switching Specifications 


PARAMETERS 
SOURCE CURRENT (See Figure 3) 
Turn-Off Delay 


SINK CURRENT (See Figure 4) 


Turn-Off Delay 
Fall Time 


Rise Time 


NOTE: 
1. No load, PWMA = PWMB = 5V, DIR A= DIR B = OV 
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LIMITS 


SYMBOL 


TSck-OFF 


POWER DRIVERS 
AND SWITCHES 


DIRA 


PWMA 


Vcc 


INTERNAL VOLTAGE 
SUPPLY WITH 
BANDGAP REFERENCE 

OVERVOLTAGE PROTECTION 

AND THERMAL SHUTDOWN 

CIRCUITS 


CA3275 


PROTECTION 


SHORT 
CIRCUIT 
PROTECTION 


i 
> 


Qi 


SHORT 
CIRCUIT 


Vec 


POWER 


SHORT 
CIRCUIT 
PROTECTION 


Q3 i 
lac ne 


SHORT 
CIRCUIT 
PROTECTION 


SHORT 
CIRCUIT 


PROTECTION 


FIGURE 1. CA3275 DUAL-H DRIVER SCHEMATIC 
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=} iS} fo} 


Hl as 
| fF 


DIRB 
6, 
COIL B- 
7 
DIRA 


FIGURE 2. QUADRATURE STEP-MOTOR APPLICATION SCHEMATIC 


SHORT 
CIRCUIT 
PROTECTION 
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CA3275 


DIR PULSE 


TEST CIRCUIT 1 


COIL OUTPUT 
TEST CONDITIONS: PWM = OV, Vs = 16V 

DIR PULSE PARAMETERS: 

F = 1kHz, W = 100s, TR = TF = 18, AMPL = 4V 


10% 


COIL OUTPUT 


TEST CONDITIONS: PWM = OV, Vs = 16V 
DIR PULSE PARAMETERS: 
F = 1kHz, W = 100u1s, TR = TF = 1s, AMPL = 4V 


pwa [> C, C_INCLUDES PROBE AND TEST FIXTURE CAPACITANCE 


30pF 


TEST CIRCUIT 2 


A 

co 

Lal 

> 

cc 

PWM PULSE Oo 

cc 

Lag 

PWM PULSE PARAMETERS: = 
F = 1kHz, W = 100us, TR = TF = 1s, AMPL = 4V Q. 


Tsk-OFF , TSK-F 


COIL + OR - OUTPUT 


FIGURE 4. SINK SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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AND SWITCHES 


RIS 


SEMICONDUCTOR 


aD 


PRELIMINARY 


May 1992 


Features 

e Eight Open Collector Drivers 

¢ Capable of 1A Per Output 

e Capable of 0.5A All Outputs “ON” 


Transient Protection 


Current Limiting 
Individual Output Latch 
e Individual Fault Uniatch & Feedback 


¢ Common Reset Line 


High Voltage Power BIMOS 


Applications 

e Logic & uP Controlled Drivers 

¢ Solenoids, Relays & Lamp Drivers 
¢ Automotive & Industrial Systems 

¢ Robotic Controls 


Operating Temperature Range....... -40°C to +125°C 


CA3282 


CMOS Octal Serial 
Solenoid Driver 


Description 


The CA3282 is a logic controlled, eight channel octal serial 
solenoid driver. The serial peripheral interface (SPI) utilized 
by the CA3282 is a serial synchronous bus compatible with 
Harris CDP68HCOS5, or equivalent, microcomputers. The 
functional diagram for the CA3282 is shown in Figure 1. 
Each of the open collector output drivers has individual pro- 
tection for over voltage and over current; each output chan- 
nel has separate output latch control. Under normal ON. 
conditions, each output driver is in a low, saturation state. 
Comparators in the diagnostic circuitry monitor the output 
drivers to determine if an out of saturation condition exists. If 
a comparator senses a fault, the respective output driver is 
unlatched. In addition, over current protection is provided 
with current limiting in each output, independent of the diag- 
nostic feedback loop. 


The CA3282 is fabricated in a Power BiMOS IC process, and 
is intended for use in automotive and other applications hav- 
ing a wide range of temperature and electrical stress condi- 
tions. It is particularly suited for driving lamps, relays, and 
solenoids in applications where low operating power, high 
breakdown voltage, and high output current at high tempera- 
tures is required. 


The CA3282 is supplied in 15 lead Power SIP package with 
lead forms for either vertical or surface mount. 


Pinout 


15}——_—_—. OUTPUT 4 


PGND PIN 9 <———— Miso 
(TAB) MUST BE 8 (———— vss 
ELECTRICALL 7 (———— wos! 
Y CONNECTED 6 -——— SCK 


1 <>) OUTPUT 3 


15 LEAD POWER SIP (TOP VIEW) 


Ordering Information 


PART | 
) NUMBER 


TEMPERATURE 
RANGE 


-40°C to +125°C 


PACKAGE & 
LEAD FORM 


-40°C to +125°C 


Block Diagram 


TRANSIENT 
PROTECTION 


OUTPUT 
(1 OF 8) m 


Lt SHIFT 
REGISTER 


SPI INTERFACE CIRCUIT 


CONTROL 
__ LOGIC 


TO DRIVERS 
1 THRU 7 


DIAGNOSTIC 
CIRCUITRY 


FIGURE 1. BLOCK DIAGRAM OF THE CA3282 OCTAL DRIVER 
r 


WITH SPE(SERIAL PERIPHERAL INTERFACE) BUS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


File Number 2767.2 


Copyright © Harris C tion 1992 
opyright arris Corporation 11-32 


Specifications CA3282 


Absolute Maximum Ratings Thermal Characteristics 

DC Logic Supply, Vop.......--- eee eee eee eens -0.7V to+7.0V Thermal Resistance Junction-Case, Ojo............ +3°C/W Max 
Output Voltage, Vow... eee eee eee ee beate ace oiecateee -0.7V to40V Thermal Resistance Junction-Ambient, 6j),......... +35°C/W Max 
Output Current, loan... . cee cece eee ee cee eee neee 1A Max Lead Temperature (During Soldering): 

INDULVOIAGO Vil ssc eccce es ces ein wied esate aukeen 7V Max At distance '/4¢ £1/s9 In. (1.59 + 0.79mm) 

Operating Temperature Range................ -40°C to +150°C from case for 10S MAX .. 6... ee eee ee ees +265°C 
Storage Temperature Range (Tsig)..----------- -55°C to +150°C . 


Electrical Specifications Vpp = -5V + 5%,T; = -40°C to +125°C; Unless Otherwise Specified. 


SYMBOL 


Voc 


PARAMETERS TEST CONDITIONS 


Quiescent Supply Current 


Output Clamping Voltage 


Output Clamping Energy 


Output Leakage Current 


Output Saturation Voltage 


SOE [7 
Guiput Gurrent Lint 108 


Fault Reference Voltage Vo REF Output Programmed ON, Fault Detected If 1.6 
Vo > Vo REF 

Fault Reset Delay (After CE Low See Figure 2 TBD 

to High Transition) 

Output OFF Voltage Output Programmed OFF, Output Pin Float- 
ing 


LOGIC INPUTS (MOSI, CE, SCK and RESET) | 


Threshold Voltage at Vpp = 5V +10% 0.2Vpp | 0.3Vpp 


Falling Edge 


; 
Threshold Voltage at VT4 Vop = 5V +10% 
Rising Edge 


O;s 
bh 


© oo) 


—_ 
oi 


ro) 


1.4 2.25 


+10 


Vop = 5.5V, 0< V; < Vop 


Input Current 


Input Capacitance 


nh 
oO 


> 


Output LOW Voltage Vor | lov = 1.6 mA 


VoL 
Output HIGH Voltage Vou lo = 0.8 mA 
-1.3V 
lot 


Output Tristate Leakage Current lo Vop = 5.25V, 0<Vo<Vpp, CE Pin Held High | -10 
Output Capacitance O< Vo <Vpp, CE Pin Held High 


Vop 
-0.2V 


oO 
Oo 


ye) 
io) 
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LOGIC OUTPUT (MISO) | 


POWER DRIVERS 
AND SWITCHES 


Specifications CA3282 


Serial Peripheral Interface Timing (See Figure 2) | 


: PARAMETERS SYMBOL TEST CONDITIONS | min} TYP | MAX | UNITS 


[Operating Frequency | fore TS. | Note | 1.0 | MHz | 
Ove Wet Oe ie 


Enable Lead Time (2) | teap <10 
Enable Lag Time <100 
Clock HIGH Time 
Clock LOW Time (5) 
Data Setup Time - (6) 
Data Hold Time 
Enable Time 


om i om 
— — 


CKH 1 


—_ 


one 


5 


als 
— — 
pee 
ols elelel|= 
A 
| 


Disable Time 

Data Valid Time 

Output Data Hold Time 

Rise Time (MISO Output) 

Rise Time SPI Inputs (SCK, MOSI, CE) 
Fall Time (MISO Output) (13) 
Fall Time SPI Inputs (SCK, MOSI, CE) 
NOTE: 


1. Operating Frequency is typically greater than 10MHz but it is application limited primarily by external SPI input rise/fall times and MISO 
output loading. 


- 
© 
—! 


a/a 
—1O 
ae 
P| 
oO 


Vpp = 20% to 70%, C, = 200pF 
Vp = 20% to 70%, C, = 200pF 
Vpp = 20% to 70%, C, = 200pF 
Vpp = 20% to 70%, C, = 200pF 


o_sj— 

= 
als 
——Z i 


& 


150 


CE 


SCK 
(CPOL =0, CPHA = 1) 


Lilla Ao 


MSB 6 LSB 


INTERNAL STROBE FOR DATA CAPTURE 


DATA AND CLOCK TIMING | 


CE 
(INPUT) 


SCK 
(INPUT) 


MISO 
(OUTPUT) 


OOOO 
MOS! 250525 statetetatete 
(INPUT) oetetetetetetatetete® 
See Q 


FAULT-INDUCED 
TURN-OFF 


DRIVER 
OUTPUT aed 


FIGURE 2. SPI TIMING 
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CA3282 — 


Signal Descriptions 


Output 0 - Output 7 - Power Output Drivers. The input and 
output bits corresponding to Output O thru Output 7 are 
transmitted and received most significant bit (MSB) first via 
the SPI bus. The outputs are provided with current limiting 
and voltage sense functions for fault indication and protec- 
tion. The nominal load current for these outputs is 500mA, 
with current limiting set to a minimum of 1.05A. An on chip 
clamp circuit capable of handling 500mA is provided at each 
output for clamping inductive loads. 


RESET - Active low reset input. When this input line is low, 
the shift register and output latches are configured to turn off 
all output drivers. A power on clear function may be imple- 
mented by connecting this pin to Vpp with an external resis- 
tor, and to Vsg with an external capacitor. In any case, this 
pin must not be left floating. 


CE - Active low chip enable. Data is transferred from the shift 
register to the outputs on the rising edge of this signal. The 
falling edge of CE loads the shift register with the output volt- 
age sense bits coming from the output stages. The output 
driver for the MISO pin is enabled when this pin is low. CE 
must be a logic low prior to the first serial clock (SCK) and 
must remain low until after the last (eighth) serial clock cycle. 
A low level on CE also activates an internal disable circuit 
used for unlatching output states that are in a fault mode as 
sensed by an out of saturation condition. A high on n_CE 
forces MISO to a high impedance state. Also, when CE is 
high, the octal driver ignores the SCK and MOS! signals. 


SCK, MISO, MOSI - See Serial Peripheral Interface (SPI) 
section in this data sheet. 


Vpp and Vsgzg - Positive and negative power supply lines. 
Serial Peripheral Interface (SPI) 


The Serial Peripheral Interface (SPI) utilized by the CA3282 
is a serial synchronous bus for control and data transfers. 
The clock (SCK), which is generated by the microcomputer, 
is active only during data transfers. In systems using 
CDP68HCO5 family microcomputers, the inactive clock 
polarity is determined by the CPOL bit in the microcomput- 
er's control register. The CPOL bit is used in conjunction with 
the clock phase bit, CPHA to produce the desired clock data 
relationship between the microcomputer and octal driver. 
The CPHA bit in general selects the clock edge which cap- 
tures data and allows it to change states. For the CA3282, 
the CPOL bit must be set to a logic zero and the CPHA bit to 
a logic one. Configured in this manner, MISO (output) data 
will appear with every rising edge of SCK, and MOSI (input) 
data will be latched into the shift register with every falling 
edge of SCK. Also, the steady state value of the inactive 
serial clock, SCK, will be at a low level. Timing diagrams for 
the serial peripheral interface are shown in Figure 2. 


SPI Signal Descriptions 


MOSI (Master Out/Slave In) - Serial data input. Data bytes 
are shifted in at this pin, most significant bit (MSB) first. The 
data is passed directly to the shift register which in turn con- 


trols the latches and output drivers. A logic “O” on this pin will 
program the corresponding output to be ON, and a logic “1” 
will turn it OFF. 


MISO (Master In/ Slave Out) - Serial data output. Data 
bytes are shifted out at this pin, most significant bit (MSB) 
first. This pin is the serial output from the shift register and is 
tri stated when CE is high. A high for a data bit on this pin 
indicates that the corresponding output is high. A low on this 
pin for a data bit indicates that the output is low. Comparing 
the serial output bits with the previous input bits, the micro- 
computer implements the diagnostic data supplied by the 
CA3282. 


SCK - Serial clock input. This signal clocks the shift register. 
New MISO (output) data will appear on every rising edge of 
SCK and new MOSI (input) data will be latched into the shift 
register on every falling edge of SCK. The SCK phase bit, 
CPHA, and polarity bit, CPOL, must be set to 1 and 0, 
respeciively in tie micrccomputer’s contro! register. 


Functional Description 


The CA3282 is a low operating power, high voltage, high cur- 
rent, octal, serial solenoid driver featuring eight channels of 
open collector drivers. The drivers have low saturation volt- 
age and output short circuit protection, suitable for driving 
resistive or inductive loads such as lamps, relays and sole- 
noids. Data is transmitted to the device serially using the 
Serial Peripheral Interface (SPI) protocol. Each channel is 
independently controlled by an output latch and a common 
RESET line that disables all eight outputs. Byte timing with 
asynchronous reset is shown in Figure 3. The circuit 
receives 8 bit serial data by means of the serial input 
(MOSI), and stores this data in an internal register to control 
the output drivers. The serial output (MISO) provides 8 bit 
diagnostic data representing the voltage level at the driver 
output. This allows the microcomputer to diagnose the con- 
dition at the output drivers. The device is selected when the 
chip enable (CE) line is low. When CE is high, the device is 
deselected and the serial output (MISO) is placed in a tri 
State mode. The device shifts serial data on the rising edge 
of the serial clock (SCK), and latches data on the falling 
edge. On the rising edge of chip enable (CE), new input data 
from the shift register is latched in the output drivers. The 
falling edge of chip enable (CE) transfers the Output driver 
fault information back to the shift register. The output drivers 
have low ON voltage at rated current, and are monitored by 
a comparator for an out of saturation condition, in which 
case the output driver with the fault becomes unlatched and 
diagnostic data is sent to the microcomputer via the MISO 
line. A typical microcomputer interface circuit is shown in 
Figure 4. This circuit is also cascadable with another octal 
driver. 


Shift Register 


The shift register has both serial and parallel inputs and out- 
puts. Serial output and input data are simultaneously trans- 
ferred to and from the SPI bus. The parallel outputs are 
latched into the output latch in the CA3282 at the end of a 
data transfer. The parallel inputs jam diagnostic data into the 
shift register at the beginning of a data transfer cycle. 


11-35 


POWER DRIVERS 
AND SWITCHES 


CA3282 


MISO 


OUTPUTS OLD 


RESET 


FAULTS 


FIGURE 3. BYTE TIMING WITH ASYNCHRONOUS RESET 


CDP68HC05C4 
MICROCOMPUTER 


CA3282 


PORT 
MOSI 
MISO 


FIGURE 4. TYPICAL MICROCOMPUTER INTERFACE WITH 
THE CA3282 


Output Latch 


The output latch holds input data from the shift register which 
is used to activate the outputs. The latch circuit may be 
cleared by a fault condition (to protect the overloaded 
outputs), or by the RESET signal. 


Output Drivers 


The output drivers provide an active low output of 500mA 
nominal with current limiting set to 1.05A to allow for high 
inrush currents. In addition, each output is provided with a 
voltage clamp circuit to limit inductive transients. Each out- 
put driver is also monitored by a comparator for an out of 
saturation condition. If the output voltage of an ON output pin 
exceeds the saturation voltage limit, a fault condition is 
assumed and the latch driving this output is reset, turning the 
output off. The output comparators, which also provide 
diagnostic feedback data to the shift register, contain an 


internal pulldown current which will cause the cell to indicate: 


a low output voltage if the output is programmed OFF and the 
Output pin is open circuited. 


CE High to Low Transition 


When CE is low, the tri-state MISO pin is enabled. On the 
falling edge of CE, diagnostic data from the output voltage 


comparators will be latched into the shift register. If an output 
is high, a logic one will be loaded into that bit in the shift 
register. If the output is low, a logic zero will be loaded. During 
the time that CE is low, data bytes controlling the output 
drivers are shifted in at the MOSI pin most significant bit 
(MSB) first. A logic zero on this pin will program the cor- 
responding output to be ON, and a logic one will turn it OFF 


CE Low to High Transition 


When the last data bit has been shifted into the CA3282, the 
CE pin should be pulled high. At the rising edge of CE, shift 
register data is latched into the output latch and the outputs 
are activated with the new data. An internal 150msec delay 
timer will start at this rising edge to compensate for high 
inrush currents in lamps and inductive loads. During this 
period, the outputs will be protected only by the analog 
current limiting circuits since resetting of the output latches by 
fault conditions will be inhibited during this time. This allows 
the device to handle inrush currents immediately after turn 
on. When the 150msec delay has elapsed, the out-put-. 
voltages are sensed by the comparators and any out of 
saturation outputs are latched off. The serial clock input pin 
(SCK) should be low during CE transitions to avoid | false 
clocking of the shift register. The SCK input is gated by CE so 
that the SCK input is ignored when CE is high. 


Detecting Fault Conditions 


Fault conditions may be checked as follows. Clock in a new 
control byte and wait approximately 150msec to allow the 
outputs to settle. Clock in the same control byte and note the 
diagnostic data output at the MISO pin. The diagnostic bits 
should be identical to the data clocked in. Any differences will 
indicate a fault at the corresponding outputs. For example, if 
an output was programmed ON by clocking in a zero, and the 
corresponding diagnostic bit for that output is a one, 
indicating the driver output is still high, then a short circuit or 
overload condition may have caused the output to unlatch. 
Alternatively, if the output was programmed OFF by clocking 
in one, and the diagnostic bit for that output shows a zero, 
then the probable cause is an open circuit resulting in a 
floating output. 
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iG HARRIS 


SEMICONDUCTOR 


CA3292 


ADVANCED INFORMATION Quad-Gated inverting Power Driver 


May 1992 With Fault Mode Diagnostic Flag Output 
Features Description 
e Load Current Switch ..........ccseeecccees 600mA The CA3292 quad-power NAND driver contains four NAND- 


gate switches for interfacing low-level logic to inductive and 
resistive loads such as: relays, solenoids, AC and DC 
e Fault Mode Diagnostic Flag Output motors, heaters and incandescent displays. The CA3292 is 
similar to the CA3272, except for zener diode over-voltage 
clamp protection on each output. Each output is protected 
Independent Over-Current Limiting for current limiting, over-temperature shutdown and has 
diagnostic feedback to indicate fault conditions. 


The FAULT DETECTOR block diagram of the CA3292 is 
shown in Figure 1 in an equivalent logic form while the func- 


e Suitable for Resistive or Inductive Loads 


Over-Voltage Zener Clamp 


e Independent Over-Temperature Shutdown 
e Temperature Shutdown Hysteresis 


° Operating Temperature............ -40°C to +125°C _ tion block diagram with all four switches is shown in Figure 2. 
Channel A is one of the 4 power switching functions dis- 
¢ High Dissipation Power-Frame Package played in the FAULT DETECTOR diagram. Transistor Qa is 
. the protected power transistor switch that drives the “OUT A” 
SNCS OnErInpay reas terminal. The dotted block outlines the logic block associated 
Applications | with the FAULT DETECTOR. The ENABLE input is common 
to each of the 4 power switches and, when low, disables the 
¢ Drivers For; FAULT output. From the “IN A” input to the “OUT A” output, 
- Solenoids - Injectors the switch condition is inverting (NAND). When IN is high, 
- Relays - Steppers OUT is low and the switch is conducting. The FAULT 
- Power Output - Motors DETECTOR senses the IN and OUT states and switches Qr 
La >Disalave “ON” if a fault is detected. When a fault is detected, transistor 
ad play Qr- activates a sink current source to pull-down the FAULT 
¢ System Use: pin to a 0 (low) state. Both shorted and open load conditions 
- Automobiles - Industrial ale rlecen: 
- Appliances - Robotics 
Pinout Block Diagram 
PLASTIC 28-LEADED PLASTIC LEADED CHIP CARRIER 
(JEDEC MO-047AB) 


(Q SUFFIX) 


Ordering information 


PART TEMPERATURE 
NUMBER RANGE 


CA3292Q -40°C +125°C 28 Lead PLCC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2946 
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CA3292 
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14.2 VOLTS | 


: 27 
FAULT i { 
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scbaddaveccedeswadeccasucee : ENABLE TOPREDAIVER 
2 28 { & 
OUT we 
(OUTPUT) en 
a ‘INPUT AND ENABLE PULLDOWN SOURCES 
aa se | FORCE OUTPUT TURN-OFF FOR ALL 
eg UNDETERMINATED INPUTS 
FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF THE CA3292 FIGURE 3. SCHEMATIC OF ONE INPUT STAGE 
FAULT DETECTOR 
ene | TRUTH TABLE 
ap ee a 
tS 3 
IND— 
16 | a 
w 
INC 
17 | @ 
w 


Over current or over 
temperature or output 
INB short to power supple 


27 r> ae 
{fe 


POWER DRIVERS 
AND SWITCHES 


GROUND 
= PINS 5-11, 19-25 


FIGURE 2. CA3292 FUNCTIONAL BLOCK DIAGRAM SHOWING 
ALL OUTPUTS 
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Specifications CA3292 


Absolute Maximum Ratings 


Logic Input Supply Voltage, Voc... ... 6. eee eee e eens +7.0V Ambient Temperature Range: 4 
Logic Input Voliage, Vi_. i<aos nee ewe b0haa ieee eae es 15V Operating Temperature Range ................ -40°C to +125°C 
Output Voltage, VoLaMp -- eee cece cece cece cece eeees (Note1) Storage Temperature Range................ . 55°C to +150°C 
Output Sustaining Voltage, Vcg(sus).- +--+ - eee eee ee eee (Note1) Maximum Junction Temperature, T; .........-....--.6- +150°C 
Output Current) lo2ai<kcewcs oie en vseea neue teeasiwewens 1.6A Maximum Thermal Resistance: 
Power Dissipation: | Junction-to-Air, Roja... ese cece ccc cece eee eeteeeeees 43°C/W 
UD 10:65°C 4 ns ok ar aiewanuwe sane ne ieee eauioorne reds 1.5W Lead Temperature (During Soldering): : 
AbOV6 85°C: 615 Sota Sige ows Derate Linearly at23mwW/C At distance '/,, + '/39 in. (1.59 + 0.79 mm) from 
Above 105°C w/heat sink (PC Board) . Derate Linearly at 83mW/°C case for 10S Max. ..... cece cece eee renee eee 265 °C 
Up to 125°C wheat sink (PC Board) ..............eeees 1.0W 
Above 125°C w/ heat sink (PC Board) . Derate Linearly at 33mW/°C 
NOTE: 

1. The output voltage level is limited by the clamping action of the internal zener diode. See the clamp voltage limits specified in the electrical 

characteristics table. 


Electrical Specifications At T, = -40°C to +125°C, Voc = 5.5V Except as Noted. 


| LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[Ouiput Leakage Curent | osx | Voe2®V.Vowne=0ev———*+ tit 100 | aa 
[output GiampVotage | Vem [lce=a000a —SSSC~—SsSC~sS HTC 


COLLECTOR EMITTER lo = 400MA, Vin 2V, Voc = 4.75V, Ty = +125°C 
SATURATION VOLTAGE: [1g = S00MA, Vy 2V, Vog = 4.75V, Ta = 425°C 
| Tg = 6O0MA, Vin 2V, Voc = 4.75V, Ta = ~40°C 
LOGIC INPUT THRESHOLDS: | 


Vit 
[input High Curent [in | Vn=5.5V,Vewme=55V 
Vin = 2V, Venaste = 5.5V 

PAroupusOre | coor | CC~dSCC 

TrumOnGelay [ttf CdS 

Over-Current Limiting for each Vout = 4.5V to 24.5V, 
Output (Note 1) _ R, = (Min.) = 4Q 
[Output High Curent | tow | 
[Output righ Treshod [Var [Vw=20vimm) | TT CVC 
[Outputtow Threshoid [| ir _[Vn=oavexy dT 8 TCL 88 | 


OVER-TEMPERATURE SHUTDOWN (DESIGN PARAMETER): ie 


Typical Junction Temperature °C 
at Thermal Shutdown 


Vv 


>) 
> 


S 
N 


bil 


NOTE: 


1. With voltage on the collector of the output transistor as indicated (Voyr = 4.5V to 24.5V) and wiih that output transistor switched “ON”, 
the current will increase to a limiting value which will be a value of 0.7A, minimum. That output will shortly thereafter (~5 ms) go into 
Over-Temperature shutdown. (Excessive dissipation during thermal shutdown may damage the chip.) 
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a HIPOO80 
MARES HIP0O81 


ADVANCE INFORMATION 


Quad Inverting Power Driver With 


May 1992 Diagnostic Interface 
Features Description 
° Low Side Power MOSFET Output Drivers The HIP0080/0081 Quad Power Drivers contain four individually 


protected NDMOS power output transistor switches to drive induc- 


¢ Output Driver Protection: tive and resistive loads such as: relays, solenoids, injection drivers, 


- Over-Current Shutdown AC and DC motors, heaters and incandescent displays. The 4 
- Over-Temperature Shutdown Power Drivers are low-side switches driven by CMOS logic input 
- Over-Voltage Internal Clamp control stages. The output drivers are protected against over-cur- 


| rent, over-temperature and over-voltage. An internal drain-to-gate 
¢ Load Currents Switching Capability with All Outputs ON: zener diode provides the clamping protection for over-voltage. 


* HIPO081 2.08 setcincade ces dewsecews 1 Amp Each _ Diagnostic circuits provide ground short, supply short, open load 
SHIP OURO 2 cduaueteamiyavatagies: O'S Amp Each: 304 Terme! overload. cstection tor -eachy oF tha: 4 OuIput Sages: 
Each of the 4 input drivers and their respective diagnostic filters are 

¢ Regulated 5V Logic Interface controlled by one ENABLE input. 
e 5 Volt CMOS Inputs logic The inputs are CMOS logic compatible and individualiy conirol ine 


output drivers with an active high state for turn-on. All other contro! 

e Fault Mode Output for Shorts, Opens & Over-Temperature inputs are active high with the exception of the Chip Select (CS) 
which is active low. The DATAIN and DATAOUT are positive logic 

* 16 Bit Serial Diagnostic Register and the Clock (CLK) input for the Serial Interface is active on the 
e SPI Bus Compatible Data Readout rising edge of the CLK pulse. All inputs include a nominal level of 
- hysteresis. IN1, IN2, IN3, IN4 and ENABLE have pull-down resis- 

° 3°C/W - 15 Lead Power SIP Package tors of approximately 100kQ. This switches off any channel that 


e -40°C to +125°C Operating Temperature has an unterminated input. 
Applications . : : 
Ordering Information 
¢ Drivers For: e System Use: 
. : ) PART | TEMPERATURE PACKAGE & 
- sha shasta pk aan NUMBER LEAD FORM 
ie es eases 
- Lamps - Displays - Robotics 
Pinouts 15 LEAD PLASTIC SIP ; 28 LEAD PLCC 
TOP VIEW TOP VIEW 
GND PIN & TAB MUST BE oie es g - 
ELECTRICALLY CONNECTED Ba 5 fas 5 
(3) 121 f4} 8 
Gnd [5 GND 
np [6] 4] GND 


GND 


GND {8} 4 GND 
GND | 9| GND 
GND [10 GND 


GND }11| & GND 


na} 13} [14 he} [17] [1g 
48E2ZE 
> =e = 
< 3 FA 3 
uw 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3018 
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POWER DRIVERS 
AND SWITCHES 


Specifications HIPO080, HIP0081 


Absolute Maximum Ratings 


Supply Voltage, Voc... . - adie alana a iosiaesloa ate sarens -16V to45V Thermal Resistance ................ Gia Bi, 
Output Voltage Vow... cece cece cece cee ceeeenes -0.5to Voramp .-—swHHHIPO080, HIPOO81............. a. 85°C 3°C/W 
Input Voltage, Vii casa anieiesesn 45S ccc oideoscs -0.5V to 7V Lead Temperature (During Soldering) 

Output Current, loyt.. 2. eee cece cece ee eeeees .. -2A to +3A At distance '/,, + '/55” (1.59 + 0.79mm) from 

Operating Temperature Range...............- -40°C to +125°C case for 10S MAK 566s by i weeds codes Gwaeauw ees +265°C 
Operating Junction Temperature Range......... -40°C to +150°C 

Storage Temperature Range, Tstg.........++-- -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. . Aon 


Electrical Specifications Voc = 5.5 to 25V + 5%, T, = -40°C to +125°C; Unless Otherwise Specified 
"LIMITS 


7 | HIP0O80 HIPO081 
PARAMETER SYMBOL}. TEST CONDITIONS 


POWER OUTPUTS: 

Output ON Resistance Ron | Veco 10 to 25V, loyp = 1A Veco 
5.5 to 10V, lout = 0.7A 

Output Over-Voltage Clamp Vctamp | Output Programmed OFF 

Range 

Output Short Prot. Current Isc 

Range . 


Veg 14V, Rioap =140 
Turn-Off Delay Voc = 14V, Rroap =14Q 
SUPPLY: 

[Power Supply Curent [loo [SSS 

[Power Supply Reset Acive | Voonsr| 
Shut-Down Current Mode 


UNITS 


‘ 


= 
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Uv 
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E 
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Input Pull-Down Resistance tage | 


DATAOUT: 


Logic High Output Voltage lon = 1.6 mA 
Unloaded Max, DATAOUT 
Logic Low Output Voltage Vor lop =-1.6 mA © 


OO] 
N[O 
~ 
N 


c< = 


o 
me 


Over-Temperature Shutdown 150 °C 
Threshold 

Shutdown Temp, Hysteresis |= {[-|-[*s |-| 
Output Shori-to-Gnd Thd - .24xVoc - - 24xVoo - V 


fo) 
nN 
x 
< 
Q 
ro) 


Open-Load Resistance for No- 
Load Warning 


Filter Delay Time for O.L. or = 
Short-to-Gnd 


EEE 
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HIPO0O80, HIPOO81 


Overview 


As shown in the Functional Block Diagram, each output stage 
has voltage and temperature sensors with comparators and 
delay filters. Four bits of diagnostic information is provided as 
feedback from each of the four stages. The diagnostic data for all 
outputs is converted to a serial sequence of 16 bits which is out- 
put to a diagnostic register. The data may be read when the Chip 
Select, CS is low and the Clock, CLK transitions positive. With 
CS low, the CLK clock input synchronously shifts the register 
data while new data is shifted in from the DATAIN input. After 16 
clocks, the DATAIN information is shifted to the DATAOUT output. 
The diagnostic register is cleared after the falling edge of CS to 
allow new diagnostic data to be stored while the existing serial 
data is read. Figure 2 shows a complete functional signal flow 
diagram. In each switching channel, the diagnostic sense circuits 
set 1 bit in the diagnostic register for each of the 4 diagnostics 
fault conditions as follows: 


Bit 1 - indicates a thermal overload when the sensed junction 
temperature of the output is greater than 150°C. When over-tem- 
perature is sensed, the sensor output directly gates-ort the drive 
to the power output and the respective fault bit is set in the diag- 
nostic register. When the chip is sufficiently cooled, the output is 
gated-on if the input remains ON. 


Bit 2 - indicates the fault condition for an output-to-supply short 
(shorted load). A small value of resistance (~0.01Q) in the 
source-to-ground line of the output stage is used to sense the 
output short. A comparator senses the voltage level and filters 
the output to provide an input to the control stage and to the 
diagnostic register. The control state directly shuts down the 


Functional Block Diagram 


BWBBVeVVeVweVeweeweeVwvuewVVwweweVewvevwvovweswewvesesveve 


1 OF 4 SWITCH/CHANNELS 


@eaveacarwaevaeeadanevaee2eecen 


IN1 
ENABLE © 
ST 
CLK T  piacnosticsuirr |= CK 
csc JT REGISTER WSERIAL 
DATAIN © w/e INTERFACE 
DATAOUT © 


BWVeVsVseewwVwesVveswewsweewewwwesFeweeeweVevwewweveuswevevwoes 


output when an over-current condition is sensed. Under this 
condition of fault, the input driver is latched off. To restore the 
output drive, the short must be removed and the input toggled 
OFF and then ON. 


Bit 3 - indicates the condition of an output to ground short. Each 
output stage has drain-to-supply (Vec1) and drain-to-ground pull- 
up and pull-down resistors of approximately 10kQ to sense this 
condition. When the output is off and the sense level is low, an 
output-to-ground short is detected by the comparator. 


Bit 4 - indicates the condition of an open load on the output. The 
same divider noted above is used to set the output level. If the 
sense level is at or near the mid-range of the voltage supply, 
Voc1 when the output is in the off condition, a no-load condition 
is detected. 


For normal operating conditions, a Reset turns off all outputs 
when the Voc level drops below 3.5 volts. The internal bandgap 
and bias supply function includes a 5V regulated supply for the 
low voltage sianal and loaic circuits. 


Filters are used on the outputs of the fault sensing comparators 
to avoid the detection of short duration transient spikes. The on 
chip oscillator is used to clock an internal shift register in each 
filter. If the fault condition is longer than a preset number of clock 
cycles, the fault condition is recognized and the respective bit is 
set in the diagnostic register. No filter is used in the thermal- 
overload feedback circuit and the bit is set when thermal 
shutdown occurs. 
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POWER DRIVERS 
AND SWITCHES 


HIP0080, HIPOO81 


Serial Data Timing Information: 
The order or sequence of bits for the diagnostic register is as | Switching Channel 4: 


follows: 13 Over-temperature OT4 
Switching Channel 1: 14 Short to Supply SB4 
1 Over-temperature OT 15 Short to Ground SG4 
2 Short to Supply SB1 16  OpenLoad O14 
2 eneriearoun? eel Referring to figure 1, the error bits are jammed from DI (DATAIN) 
4 Open Load Ol to DO (DATAOUT) when enabled by CS going low (active). 


The GATE is an internal control signal that goes high when CS 
goes low. The CLK signal starts when activated to read the first 
5 Over-temperature OT2 diagnostic data bit (OT1). The first DO bit following the CS low 
and GATE high is a fault error flag which goes high if any one of 


Switching Channel 2: 


6 Short to Supply SB2 the 16 fault bits have been set HIGH. This Fault Flag data bit 
7 Short to Ground SG2 precedes the 16 fault bits and is ORed with the fault bits. In cas- 
caded operation (See Fig 3), the DI input for the first of the 
8 Open Load ol2 selected chips should be tied to ground. When cascaded, the 
Switching Channel 3: error flags are also cascaded. A fault condition is immediately 
| evident without reading all bits. However, all bits must be read to 

9  Over-temperature OT3 determine on which chip the diagnostic bit has been set. 
10 Short to Supply SB3 The diagnostic interfaces to the HIPOO80 and HIP0081 are SPI 
ia Jenoute Ground SG3 compatible. The microcontroller is programmed to control the 


read and respond action based on the diagnostic readout. The 
12 Open Load O13 Error Flag bit requires a separate input back to the microcontrol- 
ler. When the CLK signal starts, the serial sequence starting with 
the first diagnostic bit (OT1) is input to the microcontroller. 


aes eee Ae Se Oe a ee 
a DO 


(DI OR ERROR FLAG) 


FIGURE 1. DATA AND CLOCK TIMING 
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HIPO080, HIPOO81 
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FIGURE 2. FUNCTIONAL SIGNAL FLOW DIAGRAM 
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FIGURE 3. CASCADED CHIP OPERATION TO READ DIAGNOSTIC DATA 
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Sop it AIP1030 


ADVANCE INFORMATION 1A High Side Driver With 


May 1992 Over-Load Protection 
Features Description 
¢ Over Operating Range: -40°C to +125°C The HIP1030 is a Power Integrated Circuit designed as a 
- 1V Max at 1A Saturation Voltage High Side Driver to switch power to the output load. The 
- 1A Current Switching Capabllity functional block diagram for the HIP1030 is shown in Figure 


1. It is the equivalent of a PNP pass transistor operated as a 
= 4.5V to 25V Power Supply Range high side current switch in either the saturated ON mode or 
Over-Voltage Shutdown Protected switched OFF. The HIP 1030 is designed with internal circuitry 
to protect the pass transistor from being damaged by over 
stress conditions of current, voltage or temperature. It is 


¢ Over-Current Limiting 


¢ Thermal Limiting Protection particularly well suited for driving lamps, relays, and 
solenoids in automotive and industrial control applications 

¢ 80Vpk Load Dump where voltage and current over-load protection at high 

° Reverse Battery Protection temperatures is required. The HIP 1030 is supplied in a 5 lead 
TO-220 Power SIP package. 

Applications 

° Motor Driver/Control Ordering Information 


e Driver forSolenoids, Relays and Lamps 
e MOSFET and IGBT Driver 
e Driver for Temperature Controller 


PART TEMPERATURE PACKAGE AND 
NUMBER RANGE LEAD FORM 
HIP1030AS -40°C to +125°C 5 Pin Plastic SIP 
(5 Lead TO-220) 


Pinout Functional Block Diagram 


TO-220 5 LEAD 
TOP VIEW 


en 5 Vin (CONTROL) 


————— 3 Vea “LOAD) 
OUT 
1 Veartrt (Vcc) 


CURRENT 
LIMIT 


TAB (GND) INTERNALLY CONNECTED TO PIN 3 ft 


eeeaeGeVvneseaeenzeeteseteevewesusessFeseeaueeaesy 


POPPA SPSPDPPAMADAASPTDAPDAPATBPAAPGAYPM@AAIAPSVSP@ATDIAAATH“ ABB aTaeaepewwsaswsaeawsa. 


TAB (4) CHIP 
GND GND 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2788.3 


Copyright © Harris Corporation 1992 11-46 


Specifications HIP1030 


Absolute Maximum Ratings 


Continuous Supply Voltage .................. Sates wes 25V__‘ Thermal Resistance Ce ere eee ee eee cee 4°C/W 
INDUt VOlNages Vin sack en se ois eeiiee ee se ees -1Vto+7V = Junction Temperature ....... 0. cece eee eee eee ee 150°C 
Load Current, loyt ... 0s cee eee ee ee eee Internally Limiting 1.4A | Ambient Operating Temperature............... -40°C to +125°C 
Load Dump (Survival) ............. ccc cee eecceeeceeeecs ‘+80Vpk Storage Temperature............... ae ee -40°C to +150°C 

Lead Temperature (Soldering 10s max) ..............26- 265°C 


NOTE: Pd = (Vcc - Vout) (lout) + (Vec)(lanp) 
T; = Ta + (Pd)(Thermal Resistance) 


Electrical Specifications T, = -40°C to +125°C, Viy = 2V; Ioyt = 0.5A, Unless Otherwise Specified 


LIMITS 


FO 


Over-Temperature Limiting 


Negative Pulse Output Clamp 
Voltage 


Typical Application 


O.A7HF POWER fen cee cece neerneecncenecenenenerccnescrerenescerscesoracess ; 
SUPPLY 
aie : 
= Veco | s Vout 
r) ‘ 
)- —@) 
NEG. 
s CLAMP , Q 
‘ OVER- 4 < 
(VBatTT) +} VOLTAGE CONTROL }| ZENER 
+ | SHUTDOWN CIRCUIT 
; on 
. Y — uy WW 
‘ ' oe 
; LOADS: ce 
Vin $ ‘ RELAYS = = 
(5) SOLENOIDS ui es 
6 é LAMPS = 
U scat elastin mels Butadiene “MOTORS o= 


. <i LOGIC SWITCH 
TO Vin ah 
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BHARRIS  --HIP2500 


PRELIMINARY | 7 | 
Mayi992 tits : Half-Bridge 500Vpc¢ Driver 
Features | Description 
e Maximum Rating .............ccceecec ceases 500V_ The HIP2500 is a high voltage integrated circuit (HVIC) 


Ability to Interface and Drive N-Channel Power Devices  Ptimized to drive MOS gated power devices in half- 
Floating Bootstrap Power Supply for Upper Rail Drive bridge topologies. It provides the necessary control for 


; : PWM motor drive, power supply, and UPS applications. 
e CMOS S4chmitt-Triggered Inputs with Hysteresis and 
Pull-Down 


100kHz Operation 
Single Low Current Bias Supply Operation ....7mA Typ 
¢ Latch-up Immune CMOS Logic 


| _ Ordering Information 

© Peak Drive. .... ccc ccc ace ccc c ee eneees Up to 2.0A 

¢ Gate Drive Switching Time............... < 150ns Typ | PART | TEMPERATURE | PACKAGE 
Applications | 


¢ High Frequency Switch-Mode Power Supply 
¢ Induction Heating and Welding 

° Switch Mode Amplifiers | 

e AC and DC Motor Drives 

e Electronic Lamp Ballasts 

¢ Battery Chargers 

° UPS Inverters 


Pinout Functional Block Diagram 


14 PIN PLASTIC DIP 
TOP VIEW | 


Vpp 


HIN ¢ 


sp ¢é 


LIN é 


Vss § 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2801 1 
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Specifications HIP2500 


Absolute Maximum Ratings Full Temperature Range Unless 
Otherwise Noted, All Voltages Referenced to Vgs Unless Otherwise Noted. 


Floating Supply Voltage, Vg............... Vs-0.5V to Vg+16.5V- 
(Positive Terminal) 

Floating Supply Voltage, Vg... 1. cee eee eee eer ee eee 500V 
(Common Terminal) 

High Side Channel Output Voltage, Vo .......-. -0.5V to Vg+0.5V 

Fixed Supply Voltage, Vog ..... eee eee ee ee eee -0.5V to 16.5V 

Low Side Channel Output Voltage, Vigo........ -0.5V to Vec+0.5V 

Logic Supply Voltage, Vop ... 2... eee ee ce eee eee -0.5V to 16.5V 

Logic Input Voltage, Viy ..... 2... cece ee eee -0.5V to Vpp+0.5V 


[HIN, LIN & SD (Shutdown)] 


Thermal Characteristics 


Thermal Resistance, Junction-to-Ambient Oia 
Plastic DIP Package ............ cece eee ences 75°CIW 
Maximum Package Power Dissipation at +85°C 
Plastic DIP Package: ics isisu os vacew eile dere snare Haw oes 500mW 
Maximum Junction Temperature Range......... -40°C to +125°C 
Storage Temperature Range, Ts.............-- -40°C to +150°C 
Operating Ambient Temperature Range, Ty ....... -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the davice. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended DC Operating Conditions 


Floating Supply Voltage, Vg............500- Vst10V to Vgt15V 
(Floating Terminal) 

High Side Channel Output Voltage, Vyo .... 2. eee eee 10V to Vg 
(With Respect to Vs) 

Fixed Supply Voliegs, Veoe «acs taretudwed sea ss 10V to 15V 


Low Side Channel Output Voltage, VLO.............. OV to Voc 

Logic Supply Voltage, Vop ....- ee cece eee ee eee eee 4V to Voc 

Floating Supply Voltage, Vg ....... eee eee eee es -4.0V to 500V 
(Common Terminal) 


Electrical Specifications Vcc = (Vg-Vs) = Vpp = 15V, Com = Vsg = 0 and T, = +25°C, Unless Otherwise Noted ~ 


DC CHARACTERISTICS 
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POWER DRIVERS 
AND SWITCHES 


Specifications HIP2500 


‘Switching Specifications 


HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF 


High Side Turn-On Rise Time ta 


‘|. 


High Side Turn-Off Fall Time 
LOW SIDE CHANNEL, CL = 1000pF 


275 


iS 
or 


Low Side Turn-on Propagation Delay 


a) 
“N 
a 


NM 


Low Side Turn-off Propagation Delay 


a” 
n 
nN 
nm 
N 


Low Side Turn-on Rise Time 


Low Side Turn-off Fall Time 


Shutdown Propagation Delay 
High Side Shutdown 
Low Side Shutdown 


NO 
> 
Oo 


tspto 


HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF 


Propagation Delay Matching (Between HO and LO) 


Minimum On Output Pulse Width (HO, LO) PWout(mIN) 


Minimum Input Pulse Width (ON) PWonmIN) 


245 


oO 


Minimum Input Pulse Width (OFF) PWorFF IN) 


Deadtime LO Turn-off to HO Turn-on DHton 125 145 


ome, 
N 
So 


Deadtime HO Turn-off to LO Turn-on DLton 


_— 
a 


MAXIMUM TRANSIENT CONDITIONS 


Logic Truth Table 


oe Oe ee re 

ee 
es 
i 
Chip Disabled _ 
ee 
Ce 
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FARRIS 


SEMICONDUCTOR 


HIP4010 


Power H-Switch 


ADVANCE INFORMATION 


May 1992 

Features Description 

¢ Two Independent 1/2 H-Switch Drivers In the Functional Block Diagram of the HIP4010 the four 
switches and a load are arranged in an H-configuration so 

PNSINGIO SUPPNY oaiieas kreseareecee nde pee tO AON that the polarity of the dc supply voltage (from terminals 

e Dual Supplies.................... eee +2V to +7.5V Vppa and Vssa) applied to the load can be selected by 
switching; thereby directing the flow of load current in either 

¢ Switching Capabilities............ ccc ene eees 0.5A 9 J g 


¢ CMOS Input (TTL Compatible) 

e¢ Complementary (CMOS) Switching Circuit 
¢ Over-Temperature Protection 

¢ Curreni-Overioad Froieciion 


e “Dynamic Braking” Circuit 


direction. This is commonly known as 4-quadrant load con- 
trol. As drawn in the Functional Block Diagram, switches P1 
and N2 are “closed;” when current flows from Vppa through 
P1, through the load, and then through N2 to terminal Vssa; 
where load terminal OUT1 is at a positive potential with 
respect to OUT2. Switches P1 and N2 are operated syn- 
chronously by ine conirol logic. The control logic switches P2 
and N1 to an “open” state when P1 and N2 are “ON”. When 
the switch states are reversed, P1 and N2 are open and N1 


© RdSoN ..-- eee cece eeees 0.5Q per Switching MOSFET and P2 are closed. Consequently, current then flows from 
Vppa through P2, through the load, and through N1 to termi- 
Applications: nal Vssa, where load terminal OUT2 is then at a positive 


¢ Motor Control 
¢ Relay Driver 

¢ Solenoid Driver 
¢ Stepper Motors 


Ordering Information 


TEMPERATURE PACKAGE & 
PART NUMBER RANGE LEAD FORM 


HIP4010MP -55°C to +125°C 16 Lead DIP 


Pinout 


16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
TOP VIEW 


NOTE: Terminals 4, 5, 12 and 13 are interconnected 


SWITCH DRIVER 1 SWITCH DRIVER 2 
INPUTS OUTPUT INPUTS OUTPUT 


potential with respect to OUT1. 


The HIP4010 POWER H-Switch is designed in a high speed 
BiMOS-E technology, using both CMOS and bipolar transis- 
tors. The BiIMOS-E process adds a drain extension implant 
to 3 poly-gate CMOS transistors, enhancing the device 
voltage capabilities. Vertical bipolar transistors, having high 
gain-bandwidth and transconductance, are standard in the 
BiMOS-E technology. 


The HIP4010 POWER H-Switch is available in a 16 Lead 
Dual-In-Line Plastic Package with heat spreading frame con- 
struction to enhance thermal dissipation. Under normal con- 
ditions, the HIP4010 can dissipate 1.5W (typ.) in free air at 
+60°C and can dissipate 1.5W (typ.) at +105°C with a PC- 
Board as a heat-sink. 


Functional Truth Table 


HIP4010 H-SWITCH 


L = Low logic level; H = High logic level 

Z = High Impedance (off state) 

OH = Output High (Sourcing current to the output terminal) 
OL = Output Low (sinking current from the output terminal) 
X = Don't care 


POWER DRIVERS 
AND SWITCHES 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


FileNumber 3176 
Copyright © Harris Corporation 1992 11-54 


Specifications HIP4010 


Absolute Maximum Ratings 
DC Supply Voltage (Between Vppal and Vgsaql Terminals)....16V Power Dissipation (Pp) 


DC Supply Voltage (Between Vopa2 and Vgsa2 Terminals).... 16V Up to +60°C (Free Air)....... alee ete a ee Area eae alee are 1.5W 
DC Supply Voltage (Between Vpp and Vsg Terminals) ....... 16V Above +60°C .............006. Derate linearly at 16.6mW/°C 
DC Input: Voltage acoso de ete er ades ets eaneds 16V Up to +90°C, with Heat Sink (PC Board)................ 1.5W 
Input Terminal Current ............... Jeiaeeaceseueeon 1mA Above +90°C .... cece eee eee Derate linearly at 25mW/°C 
Recommended DC Operating Voltage Range Maximum Thermal Resistance (Free Air*) Junction-to-Air .... +60°C/W 
(Vpp to Vss; Vppal to Vssat, Vopa2 to Vssa2).---- +4V to+15V = * In free air, the junction-to-air thermal resistance (Rea) is typically 

Operating Temperature Range................ -55°C to +125°C +50°C/W. This coefficient can be lowered to 40°C/W by suitable 
Junction Temperature, Ty... 2. eee eee eee e eee +150°C design of the PC board to which the HIP4010 package is soldered. 
Lead Temperature (During Soldering) ................. +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Typical Values Intended Only for Design Guidance = Ty = +25°C, Vppal, Vopa2, and Vpp = +12V; Vssa1, Vssa2, and 
Vsg = OV, Unless Otherwise Specified | 


PARAMETERS SYMBOL TEST CONDIT IONS TYPICAL VALUES ~ UNITS | 


Response Time Rise ae ae C, = 5pF 
Response Time Fall fae A Ry = 1MQ 


Electrical Specifications T, = +25°C, Vssa1, Vssa2, and Vsg = OV, Unless Otherwise Specified 


. LIMITS 


Vopats Vopa2» and Vpp = +12V: 
Input Current CH 


Output Voltage High; (Vsar) ISOURCE = 0.5A Vou 11.65 11.7 11.75 


Output Voltage Low; (Vsar) Isink = 0.5A Voi 


Response Time Rising Edge 


Response Time Falling Edge | toe | 


Output Sink Current 


Vppats Vopa2s and Vpp = +5V: 


Input Current Cit 


ae 
= 
<< 


Output Voltage High; Isource = 0.5A Vou 


no} 


Output Voltage Low; (Vgar) Isinx = 0.5A Vo 


Responses Tims Rising Eage 


Response Time Falling Edge 
Output Source Current 
Output Sink Current 
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HIP4010 


Application 


The Functional Block Diagram shows an application block 
diagram of a motor-driver circuit using HIP4010 as a “Full” 
H-Switch. The “left” and “right” H-Switch’s are driven from 
the control input terminals to the output switching transistors 
of the HIP4010. The circuit is intended to safely start, stop, 
and provide control of rotational direction for a motor requir- 
ing no more than 0.5 A of supply current. The stop function 
includes a “dynamic braking” feature. 


With the “ENABLE” terminal LOW, MOSFET Switches P1 and 
P2 are “off;” i.e., supply current is cut off. With the “BRAKE” 
terminal LOW and “ENABLE” transitioned HIGH, either P1, N2 
or P2, Ni can be driven into conduction; the CMOS-pair 
chosen for conduction is determined by the logic level applied 


Functional Block Diagram 


ei] “oe 


ore! 


LEVEL SHIFTER 
& DRIVERS 


DIRECTION 


CONTROL 
LOGIC A 


ENABLE 


sewmeeveesveaeew even va 


(DIGITAL 
GROUND) — 


Terminal Assignment Information 


P1,P2B 


NOTES: 


wean eevauewBe eevee evueshaeee 


Positive terminal-pin for power-supply; Vppai is internally connected to Vppa2 and Vpp. 


Positive terminal-pin for power-supply suited to digital circuits; Vpp is internally connected to Vopai and Vppa2.- 


Negative terminal-pin for power-supply; used in conjunction with Switch Driver 2. 


to the “DIRECTION” terminal; resulting in either clockwise (CW) 
or counterclockwise (CCW) shaft rotation. When the “BRAKE” 
terminal is transitioned HIGH (while holding ENABLE at HIGH), 
the gates of both N1 and N2 are driven HIGH. Thus, if current 
was flowing through Ni (from the motor terminal OUT1) at the 
moment of “dynamic braking,’ it would continue to flow through 
N1 to the Vgsai/Vssa2 external ground tie, then continue 
through diode D4 to motor terminal OUT2; the resistance of the 
motor winding (and the series-connected path) dissipates the 
kinetic energy stored in the system. Reversing rotation, current 
flowing through N2 (from the motor terminal OUT2), at the 
moment of “dynamic braking”, would continue to flow through 
N2 to the Vgsa2/Vssal tie, then continue through diode D2 to 
the motor terminal OUT 1, to dissipate the stored kinetic energy 
as previously described. 


— 
i] 
s 


& DRIVERS 


LEVEL SHIFTER 


seewesqeveesveevaeheanaus 


ILF 
(0.5A FAULT FLAG) 


Positive terminal-pin for power-supply; Vppa2 is internally connected to Vppai and Vpp. 


Negative terminal-pin for power-supply; used in conjunction with Switch Driver 1. 


Negative terminal-pin for power-supply suited for digital circuits. 


Input pins used to control the direction of output current flow in Switch Driver 1 and Switch Driver 2, respectively. 


N1, N2 Input pins used to activate the Dynamic Braking of Switch Driver 1 and Switch Driver 2, respectively. 
EN1, EN2 Input pins used to enable Switch Driver 1 and Switch Driver 2, respectively. 
OUT1, OUT2 Output pins for Switch Driver 1 and Switch Driver 2, respectively. 


Output pin (flag); high logic level signify that Switch Driver1, Switch Driver2, or both are in “Current Limit’ state 


1. Terminals P1, P2, N1, N2, P2B, EN1 and EN2 are internally connected to protection circuits intended to guard the CMOS gate-oxides 
against damage due to electrostatic discharge. However, these devices are sensitive to electrostatic discharge. Proper |.C. handling pro- 


cedures should be followed. 


2. For maintenance of performance and reliability, Harris Semiconductor strongly recommends that the “IC Handling Procedures”, located 
in Section 1 of the current Analog Products Data Book, be followed closely by any activity involved with IC products. 


11-53 


POWER DRIVERS 
AND SWITCHES 


HARRIS 


SEMICONDUCTOR 


HIP4011 


PRELIMINARY 


May 1992 Three-Phase Brushless DC Motor Controller 
Features Description 
e 3A DC, 5A Peak Output Current The HIP4011 motor driver is intended for three phase 


brushless motor control at continuous output currents up to 
3A. It accepts inputs from buffered Hall effect sensors and 
e Built-in “Free-Wheeling” Diodes drives three motor windings, regulating the current through 

an external current sensing resistor, according to an analog 
Output dv/dt Limited to Reduce EMI control input. Output "freewheeling" diodes are built in and 
External Dynamic Brake Contro! Switch With output dv/dt is limited to decrease the generated EMI. 
Undervoltage Sense | Thermal and current limiting are used to protect the device 

from locked rotor conditions. A brake control input forces all 
Thermal & Current Limiting Protects Against Locked outputs to ground simultaneously to provide dynamic 
Rotor Conditions braking, and an internal voltage sensor does the same when 


Provides Analog Current Sense & Reference Inputs the supply drops below a predetermined switch point. Power 
down braking energy is stored in an external capacitor. 


e 16V Max. Rated Supply Voltage 


¢ Decode Logic with Illegal Code Rejection 


Applications Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HIPAOTIS | -40°C to +85°C | 15 Lead Power SIP 


¢ Drive Spindle Motor Controller 
¢ 3 Brushless DC Motor Controller 


¢ Brushless DC Motor Driver for 12V Battery Powered 
Appliances 


¢ Phased Driver for 12V DC Applications 
e¢ Logic Controlled Driver for Solenoids, Relays & 


Lamps 
Pinout OUTPUT TRUTH TABLE 
15 LEAD POWER SIP 
TOP VIEW SENSOR: 
INPUTS OUTPUTS 


SGND = SIGNAL GROUND 
SPD =SPEED CONTROL 


PGND PIN SV+ = SIGNAL V+ 
B) MUS ISEN =ISENSE | of o | 0} 0 [OFF | OFF | | OFF | 
SECrAIGLILG OUTA =OUTPUTA 
BCAP = BRAKING CAPACITOR 
CONNECTED PV+ = POWER V+ 


OUTB = OUTPUTB 

ISEN =ISENSE 

FBRK = FORCED BRAKE 
OUTC = OUTPUTC 

PV+ = POWER V+ 
SENC = SENSE INPUT C 
SENB = SENSE INPUT B 
SENA = SENSE INPUTA 


* Undervoltage and Force Brake logic truth table 
entries are identical. 


“X” = Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2939 1 
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Specifications HIP4011 


Absolute Maximum Ratings Dissipation/Temperature Ratings 


Supply Voltage, SV+ or PV+ Power Dissipation (Note 3) 
Referred to SGND or PGND (Note 1) Junction Temperature Range, Operating 
Output Current, Continuous Storage Temperature Range 
Output Current, Peak (Note 2) 
Substrate (PGND) Current 
Logic Input Current -20mA to +20mA 


(Clamped to SV+ and SGND) 
NOTES: 
1. PV+ and SV+ are to be tied together, as are PGND and SGND. 
2. Operating above the continuous current rating causes a decrease in operating life. 
3. Derate power dissipation above case temperature of +75°C at 0.33 Watts/°C. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITION | MIN | TYP | 


SUPPLY (SV+) CURRENT 


[Noowe ——SSSCSCd mw SSCSC*~C~‘idSCSC“‘“RSSNC#CdCOWO ma 
A 


With Drive Outputs On m 
LOGIC INPUT CURRENT 


SENA, SENB & SENC = OV to 3V 
FBRK = 0.8V to 2.4V 


Sensor Inputs 


oF 


Brake Input 
LOGIC INPUT THRESHOLDS 


Sensor Inputs Logic “0” Input Voltage 


Sensor Inputs Logic “1” Input Voltage 


Brake Input Logic “0” Input Voltage 


Brake Input 
AMPLIFIER INPUT (SPD) 


Bias Current 


Logic “1” Input Voltage 


700 
Offset Voltage 


3 
< 


Input Range (Linear) 
Input Impedance 
SYSTEM BANDWIDTH 
CURRENT LIMIT 
THERMAL LIMIT 
Threshold 


| 


(Note 1) 
Rsense = 0.200 


kHz 


ple qq 
fe - 
POWER DRIVERS 


° 
Q 


Hysteresis 

OUTPUT DRIVERS 

On Saturation (See Note 5) 
On Saturation (See Note 5) 
Off Leakage 


lout = 3A, Vpmos + Vnmos 
lout = 0.6A, Vpmos + Vnmos 
PV+ > Vout > PGND or Isen 
(See Note 2) 


> 


m 
Slew Rate V/s 


FREEWHEEL DIODES 


Frowarsooe wea SCSC*dSCC‘“‘(YSC‘i tw’ J 


©} pr 
El hw 
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AND SWITCHES 


HIP4011 | 


Electrical Specifications 1, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified (Continued) 


cumrene | __vetcowmen [a 


INTERNAL BRAKE DRIVER | 


[NTERALBRAKEDAVER SSS 
[UnsowotageTipPont Pv>__[Geenows) ———SSSC«d Sa] Cid 
EY 
CT 


BRAKE CAPACITOR (BCAP) | 
1. The system bandwidth is fixed by an internal RC network around the amplifier. 


NOTES: 
~ 2. Internal limiting of tum on and turn off drive is used to limit output dv/dt. 
3. The braking action starts at the given trip point with a falling supply voltage. 
4. Hysteresis causes the brake to be removed at a higher trip point with a rising supply voltage. 
5. This value includes the combined voltage drops of one upper plus one lower switch at the indicated current. 


Functional Block Diagram 
SIGNAL , A shahatatsbataistahetoatehete ene Rann TERR RERERET 8 SERENE ee 


V+ “13 VBS (BRAKE 110 | 
| (SENSE REF) TI cap 
V+ : 


| O POWER V+ 
wy ‘OUTA MOTOR ¢A 
e 


SENA 
1 


Pees eawaeens 
at, 
q < 


“WBABBWBBWVNVNSTSVSVVVesv_sVsVs*VPVVssesesssVeVVw_ewVeVeVweveVesvVesVwewsesVweVw_eseesv_sVsaevusesveeBVevoeweueau 


HALL 
4 
SENSOR == ! — 
A ‘ Ee 
| ‘ V+ MOTOR $B 
@ 
1mA XX} | DECODE 
ae LOGIC 
WITH 
SENB } pg ILLEGAL 
23 CODE 
HALL N REJECTION 
SENSOR : , 
BT ! | 
- ' MOTOR 
Co = 
1mA wy 
Q é 
Q 
a 
SENC_} lg! 17 CURRENT 
3 3 SENSE 
HALL ‘ RESISTOR 
SENSOR —— ' _1_ = 
on | = ‘ 
: 38.5K . PGND 
a 
ronce ORK ij | | BRene || [rnermar | to, S ms ToL 
BRAKE 6 +) LLMaKe SENSING 100pF ane: a 
Io) & ) a at SOBA 
+) s00pA Rys 39K : 
a 
IREF 1440) > Re : 
~ ’ 
\ 39K : 
: : 
a CY 
a 
: i |e —— : 
SIGNAL —— ‘ 


THREE-PHASE BRUSHLESS CONTROLLER 
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HiIP4080 © 


High Frequency H-Bridge Driver 


cas SEMICONDUCTOR 


ADVANCE INFORMATION 


May 1992 
Features Description 
e High Voltage Capability; Bootstrap Supply Max The HIP4080 is a high frequency, medium voltage H-Bridge 
Voltage to 95VDC N-Channel MOSFET driver IC, packaged in a 20 or 24 pin 
© Bus Voltage ........eccsecceccscccsccss 80V (Max) plastic SOIC. Due to its ability to switch at frequencies 


¢ Small Surface Mount Package 


Drives 1000pF Load at 450KHz in Free Air at 50°C with 
Rise and Fall Times of Typically 10ns 


e User-Programmable Dead Time 


Drives 4 N-Channel Devices In H-Bridge Configuration 
e On-chip Cnarge-runips wiailitain Sooisivap Suppuss 
¢ HEN Pin can PWM Upper Switches Only 


HEN (High Enable) and DIS (Disable) Pins Override 
Input Control 


Proprietary Circuitry Minimizes On-Chip Switching 
Losses 


¢ Input Logic Thresholds Compatible with 5 and 15 voit 
Logic Levels 


¢ On-Chip Control Circuit Initializes Bootstrap Capaci- 
tors upon Chip Enable 

Applications 

¢ Medium/Large Voice Coil Motors 

e H-Bridge Power Supplies 

e Digital Power Amplifiers for Hi-Fi systems 

e¢ High Speed Stepper Motor controls 


Pinout 
20 PIN PLASTIC DIP 
20 PIN SOIC - 

~” 

TOP VIEW 1 ww 

> 

a 

BHB BHO = = 

HEN [2 BHS = 2 

ois [3] BLO oo < 
Vss | 4] BLS 
OUT | 5| Vpp 
IN+ | 6| Voc 
IN- ALS 
HDEL | 3. ALO 
LDEL | 9 AHS 
AHB AHO 


greater than 500KHz,the HIP4080 is particularly well suited 
for driving Voice Coil Motors for medium and large computer 
disk drives, switching amplifiers in high-efficiency switching 
audio amplifiers and H-Bridge power supplies depending on 
load and cooling techniques. 


Short propagation delays of approximately 7Ons and dead 
times of typically 40ns coupled with “minimum on times” of 
about 100ns allow a nearly distortionless, ripple-free current 
waveform and maximum control loop crossover jirequencies 
providing rapid, fine control of the driven load. 


HIP4080 can also drive any small, medium voltage brush 
motor, and two HIP4080s can be used to drive high perfor- 
mance stepper motors, since the short minimum “on-time” 
can provide fine micro-stepping capability. 


Ordering Information 


PARTNUMBER | TEMPERATURE | PACKAGE | 
HIP40801P -40°C to +85°C _| 20 Pin Plastic DIP 
HIP40801B -40°C to+85°C —_‘| 20 Pin Plastic SOIC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


; FileNumber 3178 
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HIP4080 


Functional Block Diagram 


| 140] AHB BHB | 1 | 
CHARGE LEVEL SHIFT E LEVEL SHIFT CHARGE 
PUMP AND LATCH = it} AHOEND 0 Seo AND LATCH 


HEN [2 | D> + >: 


TURN-ON . TURN-ON . q@i 


DIS 


75V 


11-58 


Specifications HIP4080 


Absolute Maximum Ratings 


Supply Voltage, Vpp and Ver -0.3V to 16V = Input Current, HDEL and LDEL 

Input, Output or I/O Voltage ... -0.3V tO Vpp+0.3V Phase Slew Rate 

Voltage on AHS, BHS -2.0V (Transient) to 80V Storage Temperature Range 

Voltage on ALS, BLS -2.0V (Transient) to +2.0V (Transient) Lead Temperature (Soldering 10s) 

Voltage on AHB, BHB Vans, BHS-0-3V to Vans, sHst+16V Maximum Package Power Dissipation at +25°C (Note 1) 
Voltage on ALO, BLO Vas, ais-0-3V to Vec+0.3V SOIC Package 

Voltage on AHO, BHO VaHS, BHs°0.-3V to VAHB, pHBt+O.3V 


NOTE: 


1. Derate power dissipation above ambient temperature of 25°C by 7MW/C. Ps = 0.144 + 0.20% fowu + 2 Voc” Cx (fown + foin) where 
fpwa = pwm frequency and fp, = direction change frequency (in Hertz) C, = load capacitance (in Farads) - 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage, Vpp and Vcc +10V to+15V Voltage on AHB, BHB Vans, BHSt10V to Vans pHst15V 
Voltage on ALS, BLS -1.0V +1.0V Input Current, HDEL and LDEL -500pA to -50nA 
Voltage on AHS, BHS -1V to 75V Operating Temperature Range 0°C to +125°C 


Electrical Specifications 
Specifications apply over recommended operating conditions, Unless Othsnviso Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP) | MAX | 


QUIESCENT SUPPLY CURRENTS (specified with static inputs that fully switch outputs) 


[Moo ouret TTC mA 
Vec Current lao = IBLo = 0 
AHB Current | dane laHo = 0 -40 
BHB Current IsHo = 0 
AHS Current laHo = 0 
BHS Current | Ipas | IBHo = 9 


INPUT COMPARATOR 
Offset Voltage Vos 


sole 


Input Bias Current 


Input Offset Current | los | 


Input Common Mode Voltage CMVR 
Range 


Voltage Gain AVOL 


OUTPUT (OUT) 
High Level Output Voltage Von IN+>IN-, lop = -3O0HA Vpp-0.4 
Low Level Output Voltage VoL IN+<IN-, Io, = 300A 


DIS, HEN 


Low Level Input Threshold Voi 
Voltage 
High Level Input Threshold Vy 
Voltage 


Input Hysteresis 


| 
> 


nm 
> 
3 


E 


© 
~] 
E 


> 
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POWER DRIVERS 
AND SWITCHES 


Specifications HIP4080 | 


Switching Specifications 


CHARACTERISTIC 


TEST CONDITIONS 


Minimum Input Pulse Width Tpwin IHDEL=-100 pA 
ILDEL = -50 pA 
Mimimum Output Pulse Width Tpwout IHDEL = -100 pA 
ILDEL = -50 pA 
HEN Prop. Delay TPHEN IHDEL = -100 pA 
| ILDEL = -50 pA 
Upper Prop. Delay (Turn-Off) Tey IHDEL = -100 pA : 
. : ILDEL = -50 pA 
Lower Prop. Delay (Turn-torr) Tp IHDEL = -100 pA 
ILDEL = -50 pA 
| R 
F 


SYMBOL 


N 
io) 


N 


DiSable Prop. Delay Tppis IHDEL = -100 pA 
ILDEL = -50 pA 

Dead Time ToTLH IHDEL = -100 pA 
ILDEL = -50 pA 
Lower off toUpper on, 
C, = 1000 pF 

Dead Time ToTHL IHDEL = -100 pA 
ILDEL = -50 pA 
Upper off toLower on, 
C, = 1000 pF 

Rise Time T, C, =2500pf 
C.=1 OO0pf 


T C,=2500pf 
C.=1 OO0Opf 


aN 


~ > 


_ 
or 
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_ 
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May 1992 High Current MOSFET Driver 
Features Description 
e Fast Fall Times................5.. 16ns at 10,000pF The HV400 is a single monolithic, non-inverting high current 


¢ No Supply Current in Quiescent State 


HvV400 — 


driver designed to drive large capacitive loads at high slew 
rates. The device is optimized for driving single or parallel 


¢ Peak Source Current...............2e cece e wees 6A connected N-channel power MOSFETs with total gate 
charge from 5nC to >1000nC. It features two output stages 
¢ Peak Sink Current .........-..se eee eee eee eee 30A pinned out separately allowing independent control of the 
¢ High Frequency Operation ................- 300kHz MOSFET gate rise and fall times. The current sourcing out- 
put stage is an NPN capable of 6A. An SCR provides over 
Applications 30A of current sinking. The HV400 achieves rise and fall 


e Switch Mode Power Supplies 
¢ DC/DC Converters 
¢ Motor Controllers 


¢ Uninterruptible Power Supplies 


Ordering Information 


joes | Rece™ | esceace 
NUMBER RANGE PACKAGE 

peeoe [arom [sores 
[ons [ wrewere [emnranesoe 
oer [wee [ome 


* Contact Harris for availability date. 


~” 
; F ce” 
Pinout Schematic ui te 
— Cc 
HV400 (PLASTIC MINI-DIP AND SOIC) PIN’ © o = 
TOP VIEW cc F 
PIN 8 =a = 
V+ SUPPLY | 1| |g | SOURCE OUTPUT 
PIN7 
7| DIODES 
INPUT [2 | 7 | sae Site 
SINK OUTPUT | 3| 6 | SINK OUTPUT 
GND [4 | rs] GND 
PIN4 ¢ PINS 


times of 54ns and 16ns respectively driving a 10,000pF load. 


Special features are included in this part to provide a simple, 
high speed gate drive circuit ior power WOSFETs. The 
HV400 requires no quiescent supply current, however, the 
input current is approximately 15mA while in the high state. 
With the internal current steering diodes (pin 7) and an 
external capacitor, both the timing and MOSFET gate power 
come from the same pulse transformer; no special external 
supply is required for high side switches. No high voltage 
diode is required to charge the bootstrap capacitor. 


The HV400 in combination with the MOSFET and pulse 
transformer makes an isolated power switch building block 
for applications such as high side switches, secondary side 
regulation and synchronous rectification. The HV400 is also 
suitable for driving IGBTs, MCTs, BUTs and small GTOs. 


The HV400 is a type of buffer; it does not have input logic 
level switching threshold voltages. This single stage design 
achieves propagation delays of 20ns. The output NPN 
begins to source current when the voltage on pin 2 is 
approximately 2V more positive than the voltage at pin 8. 


The output SCR switches on when the input pin 2 voltage is 
1V more negative than the voltage at pins 3/6. Due to the 
use of the SCR for current sinking, once the output switches 
low, the input must not go high again until all the internal 
SCR charge has dissipated, O0.5y1s - 1.5ps later. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 2850 
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Specifications HV400 


Absolute Maximum Ratings 


Voltage Between Pint and Pin 4/5............ cece cece 35V 
Input Voltage Pin 7 (Max). .......... cece cece ences Pin 1+ 1.5V 
Input Voltage Pin 7 (Min). ............ 0. cece eons Pin 4/5 -1.5V 
Input Voltage Pin 2 to Pin 4/5. ....... ccc cee eee ene +/- 35V 
Input Voltage Pin 2 to PING ....... 0... cee eee eee eee eee -35V 
Maximum Clamp Current (Pin 7)...........cc cece cceeee +300mA 
Maximum Junction Temperature. ..........6.eeeee eens +150°C 
Storage Temperature Range .............. -65°C < Ty < +150°C 


0, 8. 
93.8°C/W 31.5°C/W 


cs ©] | See Arg ee a ee eee | 

SOIG oe, dedauree con venteeweeeec es 157.1°C/W 42.8°C/W 
Power Dissipation at Ty, = +25°C...........0006. 1.33W Mini-DIP 
Power Dissipation at Ty = +25°C...........200. 2... 0.8W SOIC 
Operating Temperature Range 

HV400CPICB.. occ ace cies ences sceeees 0°C < Ty < +70°C 

HV400IP/IB ...... cc cece eee ee eee e ess 40°C < Ty < +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications —Vsyppiy = 15V 


INPUT (PIN 2) 


Input High Current 
Input Low Current 


SOURCE OUTPUT (PIN 8) 


Forward Voltage 


Reverse Leakage Current 


Diode (Pin 7) Stored Charge 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | TYP | MAX | UNITS 


nputtigh Deri Volepe | vn [Von=OilaH=tora | veo [0s |i] 28 | v_ 
stb Fat 
Full 


Input Low Differential Voltage Vii | Vour = 12V, loy LO = -3mA 
saan: 


Vein 1,2 = 30V, | source = 0 


Vin = 9V, Vout =0V 


Input High Current Peak ean I source = 6A, 11s pulse, 


Nie 
High Output Voltage Von VIN = +V, lour = 150mA 
| CF 
Peak Output Current lops Vin = 9V, ips Pulse, 
Vout = OV 


Output Low Leakage Vout = OV, Vin = OV 
a 


NOTE: Limits are 100% tested at +25°C; limits over the full temperature range are guaranteed but not tested. 
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Specifications HV400 


Pin Descriptions 


SYMBOL _. DESCRIPTION 


DC INPUT PARAMETERS 


Vin The differential voltage between the input (Pin 2) to the output (Pin 8) required to source 10mA 


Vit The differential voltage between the input (Pin 2) to the output (Pins 3, 6) required to sink 3mA 


The current required to maintain the input (Pin 2) high with loy7 = OA 


The input (Pin 2) current for a given pulsed output current 
he The current require to maintain the input (Pin 2) low 


DC OUTPUT PARAMETERS 


Von The output (Pin 8) voltage with input (Pin 2) = V+ 


lops The pulsed peak source current form output (Pin 8) 


lov The output (Pin 8) leakage current with the input (Pin 2) = Ground 


Voi The output (Pins 3, 6) voltage with the input (Pin 2) = Ground 
The pulsed peak sink current into output (Pins 3, 6) 

The output (Pins 3, 6) leakage current with the input (Pin 2) = V+ 
Ve The forward voltage of diode D1 or D7 


The reverse leakage current of diode D1 or D7 


The time integral of the reverse current at turn off 


AC PARAMETERS (See Switching Time Specifications) 


R The low to high transition of the output 


T The high to low transition of the output 


+ 
nm 


Tor The output propagation delay from the input (Pin 2) rising edge 


Tor The output propagation delay from the input (Pin 2) falling edge 


POWER DRIVERS 


Tor The minimum time required after an output high to low transition before the next input low to high transition 
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AND SWITCHES 


Specifications HV400 


Switching Time Specifications Vyppy = 15V | 
— 


[ReoTire | Ta | SeoSwicing testorot | ra [| 0 | 5 
[Farting | te | Seo SwichingTestGreut | Fut 
z 

[Tor | See SwictingTostGroat_ | _Fal 
[Ton | See Switching Tstreat_[ Ful 


ae 

a ee 
ee eae 
ae ee 


1. Switching times are guaranteed but not tested 
2. Typical values are for +25°C 


Switching Diagram and Test Circuit 


INPUT 
OV 


Vout 


OUTPUT 


+V 


R1 100 1W 


PAD ABAD AaP aE aZTA EB Bea BBewHecuahjowoa 


15V i ’ ae 12.8V 
GND --- : 0.9V 
INPUT : OUTPUT 
502 SOURCE 


(RISE & FALL TIMES <10ns) 
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HV400 Switching Test Circuit Parts List 


Nn a R1 100Q, 1W Carbon Resistor 
R2 Wire 
R, 100KQ, 1/8W Carbon Resistor 
C1 330uF, 50V Capacitor 
C2 ipF, 50V Capacitor 
C, 0.01pF, 50V Chip Capacitor 
D1 1N914 Diode 
J1, J2 PC Mount Banana Jack Johnson 108-0740-001 
J3, J4 PC Mount SMA Connector Johnson EFJ142 
U1 Harris HV400 1.C. 


HV400 AC TEST BOARD 


POWER DRIVERS 
AND SWITCHES 
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Application Information 
Circuit Operation 


The HV400’s operation is easily explained by referring to the 
schematic. The control signal is applied to pin 2. If the 
control signal is about 2V above pin 8, the output NPN Q1 
turns on charging the MOSFET gate from a capacitor 
connected to pin 1. Resistor R4 helps keep the SCR off by 
applying a reverse bias to the SCR anode gate. 


When the control input drops about 1V below pin 3/6, PNP 
Q2 turns on which triggers the SCR by driving both the 
anode and cathode gates. The SCR discharges the 
MOSFET gate and when its current becomes less than 
10mA, it turns off. Transistor Q2 conducts any gate leakage 
currents, through resistors R1 and R2, once the SCR turns 
off. Figure 7 shows the output characteristics before the 
SCR turns on and after it turns off. When the SCR turns on, 
resistor R4 provides a path to remove Q1 base charge. 
Resistor R3 provides the base current for Q2 to reduce the 
turn off delay time. Resistors R1 and R2 reduce the SCR 
recovery time. 


The two diodes connected to the diode input pin 7 provide 
some operation flexibility. With pins 2 and 7 connected 
together, diode D1 provides a path to recharge the storage 
capacitor once the MOSFET gate is pulled high and, along 
with diodes D2 and D3, keeps Q1 from going into hard 
saturation which would increase delay times. Diode D7 
would clamp the input near ground and provide a current 
path if an input DC blocking capacitor is used. 


Alternatively, pin 7 can be connected to pin 6 so that the 
SCR and NPN Q1 don’t have to pass reverse current if the 
output “rings” above the supply or below ground. When high 
performance diodes are required, pin 7 can be left 
disconnected and external diodes substituted. 


The diodes in series with pin 2 decouple the input from the 
output. during negative going transitions. The absence of 
input current turns off Q1 and allows Q2 to trigger the SCR. 
Diode D8 turns off Q2 once the SCR turns on pulling the out- 
put low, otherwise Q2 would saturate and slow down circuit 
operation. In addition, the diodes D2, D3 and D8 improve 
noise immunity. by adding about 2.5V of input hysteresis. 


The HV400 is capable of large output currents but only for 
brief durations due to power dissipation. 


Circuit Board Layout 


PC board layout is very important. Pins 3 and 6 should be 
connected together as should pins 4 and 5. Otherwise the 
internal interconnect impedance is doubled and only half of 
the bond wires are used which would degrade the reliability. 


The bootstrap capacitor should hold at least 10x the charge 
of the MOSFET and should be connected between pins 1 
and 4/5 with minimum lead lengths and spacings. Likewise, 
the HV400 should be as close to the MOSFET as possible. 


Any long PC traces (parasitic inductances) between the. 


MOSFET gate and pins 8 or 3/6 or between the source and 


pins 4/5 should be avoided. Inductance between the HV400 
and the MOSFET limit the MOSFET switching time. If they 
are too large, the HV400 may operate erratically as 
discussed below. 


Cross Conduction Faults | 


It is possible to have both Q1 and the SCR on at the same 
time resulting in very large cross conduction currents. The 
SCR has larger current capacity so the output goes low and 
the storage capacitor is discharged. The conditions that 
cause cross conduction and precautions are discussed 
below. 


Minimum Off Time 


The SCR requires a recovery time before voltage can be 
reapplied without it switching back on. Figure 13 shows how 
this SCR recovery time, called “minimum off time” (Top), is a 
function of the load capacitance. If the input voltage goes 
high before this recovery time is complete, the SCR will 
switch back on. 


Note that reverse current flowing through the SCR, for 
example due to load inductance ringing, extends the 
minimum off time. Since the minimum off time is really 
dependent upon how much stored charge remains in the 
SCR when the anode (pin 3/6) is taken positive, it may vary 
for different applications. Figure 13 indirectly shows that the 
minimum off time increases with larger currents. It also 
increases at elevated temperatures as shown in Figure 14. 
Excessive ringing increases the minimum off time since the 
stored charge doesn’t begin to dissipate until the current 
drops below 10mA for the last time. Rising anode voltage 
acts on the internal SCR capacitance to generate its own 
triggering current. The excess stored charge increases this 
capacitance. Faster rise times and/or higher voltages also 
increase the amount of internal trigger current from the inter- 
nal capacitance so applications with larger dV/dt require 
longer minimum off times. 


The minimum off time must be considered for all occur- 
rences of SCR current. For example, in a half bridge switch 
mode power supply, there are two MOSFET’s connected to 
the transformer primary. Assume that the high side MOSFET 
switch is off. When the low side MOSFET switch is turned 
on, the HV400 driving the high side MOSFET will have to 
sink gate current from Cgg and will have to source gate 
current when the low side MOSFET switches back off. Both 
of these current pulses will try to flow through pin 3/6 since 
the pin 8 output is turned off. Sourcing current from pins 3/6 
through the SCR is possible, the pin 3/6 voltage becoming 
negative with respect to pins 4/5 (See Figure 8). But a better 
practice would be to connect a Schottky diode between pins 
4/5 (anode) and 3/6 (cathode) so reverse current does not 
flow through the SCR. 


False SCR Triggering 


The SCR may be triggered inadvertently. The output may 
overshoot the input due to inductive loading or over driving 
the output NPN (allowing it to saturate). Whenever pin 6 is 
more positive than pin 2 by 1V, the SCR is triggered on. Also, 
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if the output rises too rapidly, greater than 0.5V/nS, the SCR 
may self trigger. Both issues are resolved by minimizing the 


load inductance and inserting sufficient resistance, usually 


0.1 to 10 ohms, between pin 8 and the load. 


' A very fast negative going input voltage can result in 
minimum off times of about 2.5y1s. If the output can not keep 
up with the falling input, the stored charge of diode D4 is 
transferred into the base of Q2. This excess charge in Q2 
must have time to dissipate. Otherwise, when pin 3/6 goes 
positive, Q2 will turn on and trigger the SCR. An external 
diode in series with pin 2, as shown in Figure 1, will prevent 
D4 from discharging into the base of Q2 but that will also 
reduce the output voltage by the forward voltage of that 
diode. 


internal Diodes 


The internal diodes connected to pin 7 are provided for 
convenience but may not be suitable for large currents. 
Since they are part of the integrated circuit, they are 
physically small, operate at high current densities, and nave 
long recovery times. Figure 15 shows that their forward 
characteristics degrade above 100mA. In addition, Figure 16 
shows their reverse recovery charge as a function of forward 
current. The product of this charge, the applied reverse 
voltage and the frequency is the additional power dissipation 
due to the diodes. For stored charge calculations, use the 
peak forward current within 100ns of the application of 
reverse bias. In addition to the extra power dissipation, the 
capacitance of these diodes may extend the switching delay 
times. 


Power Dissipation Calculations 


The power required to drive the MOSFET is the product of 
its total gate charge times the gate supply voltage (maximum 
voltage on HV400 pin 1, 2 or 7) times the frequency. 
Assuming that the MOSFET gate resistance is negligible, 
this power is dissipated within the HV400. If resistors are 
placed between the HV400 and the MOSFET, then some of 
the power is dissipated in the resistors, the percentage 
depending upon the ratio of resistors to HV400 output 
impedance. 


There are two other sources of power dissipation to 
consider. First there is the power in R3 which is the product 
of the input pin 2 current and voltage (with no output current) 
times the duty cycle. Second is the product of the pin 7 diode 
stored charge, which is dependent upon the forward current, 
times the applied diode reverse voltage times the frequency. 
This information is available from figures 3 and 16 in this 
data sheet. 


Applications Circuits 


The HV400 was designed to interface a pulse transformer to 
a power MOSFET. There must be some means to balance 
the transformer volt-second product over a cycle. The 
unipolar drive shown in Figure 1 lets the core magnetization 
inductance reverse the primary and secondary voltages. The 
zener diode on the primary side limits this voltage and must 


be capable of dissipating the energy stored in the 
transformer. The load may be connected to either the power 
MOSFET drain or source. 


Vs 


MOSFET 


FIGURE 1. UNIPOLAR DRIVE 


A diode is added in series with pins 2 and 7 to allow the 
transformer secondary to go negative. The charge storage of 
ihe pin 7 dicdo may cause the turn off delav time to be too 
long. Alternatively, pin 7 could be left disconnected and a 
second external diode connected between the transformer 
(anode) and pin 1 (cathode). In some applications the diode 
in series with pin 2 may be unnecessary but the -35V input 
to output or ground maximum rating should be observed. 


Sometimes the volt-second balance is achieved by a push- 
pull drive on the pulse transformer primary. This is especially 
useful if there are two secondary windings driving two 
HV400's out of phase such as in a half-bridge configuration | 


Other times it is more convenient to achieve volt-second 
balance by using capacitors to block DC in the primary and 
secondary windings as shown in Figure 2. The pin 7 diodes 
provide a path for discharging the secondary side DC block- 
ing capacitor. Both capacitors, Cijy and Cg, should be at 
least 10 times the equivalent MOSFET gate capacitance. 


The HV400 can be used as a current booster for low side 
switches by connecting directly to the PWM output. The 
circuit would be similar to the switching time test circuit. 


It is worth restating that some consideration (and experimen- 
tation) should be given to the choice of external components, 
i.e. resistors, capacitors and diodes, to optimize 
performance in a given application. 


FIGURE 2. BIPOLAR DRIVE WITH DC BLOCKING CAPACITOR 
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Typical Performance Curves 1, = +25°C Unless Otherwise Specified 


or ee (Ee) a SU Ge GH 
= ee oe 


|| | | [ Le 
w~| | | | 
se 
< < 
E £ 
x 10 aa a 
- mi = 
ee 
0 
0 10 20 30 40 50 
Vin - PIN 2 (V) 
FIGURE 3. PIN 2 INPUT CURRENT vs INPUT VOLTAGE WITH FIGURE 4. PIN 2 Iyp & Voy VS OUTPUT SOURCE CURRENT 
ZERO OUTPUT CURRENT 


Ii (HA) 


-50 -40 -30 20 . -10 0 
INPUT VOLTAGE - PIN 2 (V) lOP6 (A) 
FIGURE 5. PIN 2, vs INPUT VOLTAGE 


FIGURE 6. Vo. vs lops (5ps PULSES) 


ipa idpA i00pA 1mMA  10mMA _ 100mA 1 
lops : lope (A) 
FIGURE 7. PIN 36 ILLUSTRATING OUTPUT VOLTAGE vs SCR 


FIGURE 8. PIN 3/6 VOLTAGE vs REVERSE CURRENT 300)1s 
OUTPUT SINK LATCHING AND HOLDING CURRENT PULSES — 
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+25°C Unless Otherwise Specified (Continued) 


Typical Performance Curves 1, 


ie N 
: in 


AN 


(A) 
LNdNI 


IN: 


TN 


(A) 
indino 


C, (nF) 


FIGURE 10. RISE & FALL TIMES vs C, (V+ 


50ns/div 


15V, 20V) 


= 12V, 


7] 


— 4NxnE\ 


LOW TOHIGH TRANSIENT RESPONSE WAVEFORMS 
AYL ~— @uits 


im 


FIGURES. 


(A) 


TEMPERATURE (°C) 
FIGURE 12. RISE, FALL & DELAY TIMES vs TEMPERATURE 


50ns/div 


FIGURE 11. HIGH TO LOW TRANSIENT RESPONSE WAVEFORMS 


(C, = 10nF) 


SAHILIMS ONY 
SYAAIHC YAMOd 


Tor (+25°C) 


(1) SWLL 330 WOWININ 


. +150 


+100 


+25 +50 
JUNCTION TEMPERATURE (°C) 


FIGURE 14. NORMALIZED MINIMUM OFF TIME (Tor) vs TEMPER- 


0 


-50 


CAPACITIVE LOAD (nF) 
FIGURE 13. MINIMUM OFF TIME (Top) vs C, AT +25°C 


ATURE (C, = 10nF) 
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Typical Performance Curves 1, = +25°C Unless Otherwise Specified (Continued) _ 


SS A OE 2 
et 


A La 
Za 

A 
r 


CURRENT (A) 


Ve (V) : FORWARD CURRENT ae 


et 
a 
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vr 
= 
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= 
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FIGURE 15. DIODE D1 & D7 CURRENT vs V- FIGURE 16. DIODE Qparp vs FORWARD CURRENT 


8 
7 
6 
S 5 
F 4 
3 
2 
1 
0 
Vertical 100mA/div FIGURE 18. Vuy & lp VS lops [Vout (PIN 8) = 0, V+ = 15V, 
Horizontal 50ns/div 1ps PULSE] 


FIGURE 17. DIODE D1 REVERSE RECOVERY WAVEFORM 
Ip = 200mA, 20V REVERSE BIAS 
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Metallization Topology 


DIE DIMENSIONS: GLASSIVATION: 
66.9 x 71.65 x 19 mils Type: Silox 
(1700 x 1820 x 483m) Thickness: 12kA + 2kA 
: Type: Nitride 
METALEIZATION: Thickness: 3.5kA + 2.5kA 
Type: Aluminum 
Thickness: 16kA + 2kA TRANSISTOR COUNT: 3 
SUBSTRATE POTENTIAL (POWERED UP): PROCESS: HFSB Linear Dielectric Isolation 
Unbiased 


Metallization Mask Layout 
HV400Y 


(8) SOURCE 
OUTPUT 
(8) SOURCE 
OUTPUT 


V+ (1) 


INPUT (2) | Me! : * «= D3893 os ke | 
08 9 «| = 


SINK OUTPUT (3) (6) SINK OUTPUT 


i 


POWER DRIVERS 
AND SWITCHES 


aio) 


(5) GROUND 


NOTE: Pin Numbers Correspond to Mini-DIP and SOIC Packages Only. 
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Brarnis = ICL7667 


May 1992 Dual Power MOSFET Driver | 
Features a Description 
e Fast Rise and Fall Times The ICL7667 is a dual monolithic high-speed driver 
- 30ns with 1000pF Load designed to convert TTL level signals into high current 


outputs at voltages up to 15V. Its high speed and current 
e¢ Wide Supply Voltage Range output enable it to drive large capacitive loads with high slew 
- Voc = 4.5 to 15V rates and low propagation delays. With an output voltage 

| swing only millivolts less than the supply voltage and a 

Pw Pemens on snbuon maximum supply voltage of 15V, the ICL7667 is well suited 


- 4mW with inputs Low for driving power MOSFETs in high frequency switched- 


- 20mW with Inputs High mode power converters. The ICL7667’s high current outputs 
* TTL/CMOS Input Compatible Power Driver minimize power losses in the power MOSFETs by rapidly 
charging and discharging the gate capacitance. The 

- Rour = 72 Typ | 


ICL7667’s input are TTL compatible and can be directly 
e Direct Interface with Common PWM Control ICs driven by common pulse-width modulation control ICs. 


¢ Pin Equivalent to DS0026/DS0056; TSC426 , 
Order Information 


[rarrwuwaen | “nance | paceace 
PART NUMBER RANGE — 

jecresr 

pecresra : 


Typical Applications 
¢ Switching Power Supplies 
¢ DC/DC Converters 

¢ Motor Controllers 


ICL7667MTV* -55°C to +125°C =|. TO-99 Can 


-55°C to +125°C ~—- |. 8 Pin Ceramic DIP 
_* Add /883B to Part Number for 883B Processing 


Pinouts Functional Diagram 


TO-99 CAN (TV) 
TOP VIEW Vec 


OUT 


8 LEAD DUAL-IN-LINE PACKAGE (PA, JA, BA) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 853 1 


Copyright © Harris Corporation 1992 41-72 


Specifications ICL7667 


Absolute Maximum Ratings . 
Supply Voltage V+ to V-. 0... ccc cc cece ec cee eee eee eeees 15V__ Linear Derating Factors 


Input VollddOs scsi 2scocnesat wee eads eee V- -0.3V to V+ +0.3V TO-09 uc a seven ou Rw ates eb ead 6.7mWPC above 50°C 
Package Dissipation, Ty +25°C ........ cece eee eee 500mW Plastic DIP Package ................. 5.6mWPC above 36°C 
Storage Temperature Range ..............4.. -65°C to +150°C Ceramic DIP Package..............-. 6.7mWP/C above 50°C 
Lead Temperature (Soldering 10S)............00ceeee: +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Temperature Range 
ICL 76676 wisire ty aeyneaein ak aamaeeaaenaee 0°C to +70°C 


CUT GBTIW is x loseaewee noses ease te nak 


Electrical Specifications 


ee 
CG Coe 


PARAMETERS SYMBOL 
DC SPECIFICATIONS - 


TEST CONDITIONS 


3 


Output Voltage Low VoL Voc = 4.5V:. and 15V 


a 

eee 

oe 

En see Roe 

a lO 
-0.05 

a 

moe 

ae 

oe 


Power Supply Current Voc = 15V, Vin = 3V both inputs 
Power Supply Current lec Veco = 15V, Vin = OV both inputs 


SWITCHING SPECIFICATIONS 


5 < 
=O 


TT 
> 
a 
3 
@ 
: 
er 
a 
© 
c 
onl 
@ 
io) 


* NOTE: All typical values have been characterized but are not tested. 


(7) 
a s ce wm 
Test Circuits ui 
= 
ra = 
V-=15V = 
+5V ” 
90% = = 
z INPUT - < 
= =0.4V 
INPUT OUTPUT 
a C, = 1000pF 
15V 
INPUT RISE AND = 
FALL TIMES <10ns 
OUTPUT 


OV 
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Typical Performance Characteristics 


RISE AND FALL TIMES vs.C, | Tot» Toz v8. TEMPERATURE 


tps 


100 


Tp, Tr (ns) 


10 


10 100 1000 10K 100K pF 
Vec = 15V °C 


Tp, Te VS. TEMPERATURE 


ee 
ae Woon 15 


loc (mA) 


10pF 100pF 1nF 10nF 


Voc = 15V 


NO LOAD Icc vs. FREQUENCY 


100k 1M 


FREQUENCY 


FREQUENCY 
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Typical Performance Characteristics (Continued) 


DELAY AND FALL TIMES vs. Vcc 


Detailed Description 


The ICL7667 is a dual high-power CMOS inverter whose 
inputs respond to TTL levels while the outputs can swing as 
high as 15V. Its high output current enables it to rapidly 
charge and discharge the gate capacitance of power 
MOSFETs, minimizing the switching losses in switchmode 
power supplies. Since the output stage is CMOS, the output 
will swing to within millivolts of both ground and Voc without 
any external parts or extra power supplies as required by the 
DS0026/56 family. Although most specifications are at Voc = 
15V, the propagation delays and specifications are almost 
independent of Vcc. 


In addition to power MOS drivers, the ICL7667 is well suited 
for other applications such as bus, control signal, and clock 
drivers on large memory of microprocessor boards, where 
the load capacitance is large and low propagation delays are 
required. Other potential applications include peripheral 
power drivers and charge-pump voltage inverters. 


Input Stage 


The input stage is a large N-channel FET with a P-channel 
constant-current source. This circuit has a threshold of about 
1.5V, relatively independent of the Vcc voltage. This means 
that the inputs will be directly compatible with TTL over the 
entire 4.5V - 15V Voc range. Being CMOS, the inputs draw 
less than 1pA of current over the entire input voltage range 
of ground to Vcc. The quiescent current or no load supply 
current of the ICL7667 is affected by the input voltage, going 
to nearly zero when the inputs are at the 0 logic level and 
rising to 7MA maximum when both inputs are at the 1 logic 
level. A small amount of hysteresis, about 50mV to 100mvV at 
the input, is generated by positive feedback around the 
second stage. 


Output Stage 


The ICL7667 output is a high-power CMOS inverter, 
swinging between ground and Vcc. At Voc = 15V, the output 
impedance of the inverter is typically 70 The high peak 
current capability of the ICL7667 enables it to drive a 
1000pF load with a rise time of only 40ns. Because the 
output stage impedance is very low, up to 300mA will flow 
through the series N- and P-channel output devices (from 


RISE TIME v8. Vcc 


Vcc 


Vcc to ground) during output transitions. This crossover 
current is responsible for a significant portion of the internal 
power dissipation of the ICL7667 at high frequencies. It can 
be minimized by keeping the rise and fall times of the input to 
the ICL7667 below 1s. 


Application Notes 


Although the ICL7667 is simply a dual level-shifting inverter, 
there are several areas to which careful attention must be paid. 


Grounding 


Since the input and the high current output current paths 
both include the ground pin, it is very important to minimize 
and common impedance in the ground return. Since the 
ICL7667 is an inverter, any common impedance will 
generate negative feedback, and will degrade the delay, rise 
and fall times. Use a ground plane if possible, or use 
separate ground returns for the input and output circuits. To 
minimize any common inductance in the ground return, 
separate the input and output circuit ground returns as close 
to the ICL7667 as is possible. 


Bypassing 

The rapid charging and discharging of the load capacitance 
requires very high current spikes from the power supplies. A 
parallel combination of capacitors that has a low impedance 
over a wide frequency range should be used. A 4.7pF 
tantalum capacitor in parallel with a low inductance 0.1pF 
capacitor is usually sufficient bypassing. 


Output Damping 
Ringing is a common problem in any circuit with very fast 
rise or fall times. Such ringing will be aggravated by long 
inductive lines with capacitive loads. Techniques to reduce 
ringing include: 
1. Reduce inductance by making printed circuit board traces 
as short as possible. 
2. Reduce inductance by using a ground plane or by closely 
coupling the output lines to their return paths. 
3. Use a 102 to 300 resistor in series with the output of the 
ICL7667. Although this reduces ringing, it will also slightly 
increase the rise and fall times. 
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4. Use good bypassing techniques to prevent supply voltage 
ringing. 


Power Dissipation 


The power dissipation of the ICL7667 has three main 
components: 


. Input inverter current loss 
2. sien stage crossover current loss 
3. Output stage I?R power loss 


The sum of the above must stay within the specified limits for 
reliable operation. 


As noted above, the input inverter current is input voltage 
dependent, with an Ico of 0.1mA maximum with a logic 0 
input and 6mMA maximum with a logic 1 input. 


The output stage crowbar current is the current that flows 
through the series N- and P-channel devices that form the 
output. This current, about 300mA, occurs only during output 
transitions. Caution: The inputs should never be allowed to 
remain between V;, and Vj, since this could leave the output 
stage in a high current mode, rapidly leading to destruction 
of the device. If only one of the drivers is being used, be sure 
to tie the unused input to a ground. NEVER leave an input 
floating. The average supply current drawn by the output 
stage is frequency dependent, as can be seen in lIcc vs. 
Frequency graph in the Typical Characteristics Graphs. 


The output stage I?R power dissipation is nothing more than 
the product of the output current times the voltage drop 
across the output device. In addition to the current drawn by 
any resistive load, there will be an output current due to the 
charging and discharging of the load capacitance. In most 
high frequency circuits the current used to charge and 
discharge capacitance dominates, and the power dissipation 
is approximately | 


Pac = CVcc2f 
where C = Load Capacitance, f = Frequency 
In cases where the load is a power MOSFET and the gate 


drive requirement are described in terms of gate charge, the 
ICL7667 power dissipation will be 


Pac = QeVeef 


where Qg = Charge required to switch the gate, in Coulombs, 
f = Frequency. 


Power MOS Driver Circuits 


Power MOS Driver Requirements 


Because it has a very high peak current output, the ICL7667 
the at driving the gate of power MOS devices. The high 
current output is important since it minimizes the time the 
power MOS device is in the linear region. Figure 4 is a 
typical curve of charge vs. gate voltage for a power 
MOSFET. The flat region is caused by the Miller 
Capacitance, where the drain-to-gate capacitance is 


multiplied by the voltage gain of the FET. This increase in 
capacitance occurs while the power MOSFET is in the linear 


region and is dissipating significant amounts of power. The 
very high current output of the ICL7667 is able to rapidly 
overcome this high capacitance and quickly turns the 
MOSFET fully on or off. 


18 
16 


Vas (VOLTS) 


Pur AT, 


a A 
| | VA ae 


fake 
| tt tt tt 
0246 8 10 12 14 16 18 20 
Qg (NANO COULOMOS) 


FIGURE 4: MOSFET GATE DYNAMIC CHARACTERISTICS 


Direct Drive of MOSFETs 


Figure 6 shows interfaces between the ICL7667 and typical 
switching regulator ICs. Note that unlike the DS0026, the 
ICL7667 does not need a dropping resistor and speedup 
capacitor between it and the regulator IC. The ICL7667, with 
its high slew rate and high voltage drive can directly drive the 
gate of the MOSFET. The 1527 IC is the same as the 1525 
IC, except that the outputs are inverted. This inversion is 
needed since ICL7667 is an inverting buffer. 


Transformer Coupled Drive of MOSFETs 


Transformers are often used for isolation between the logic 
and control section and the power section of a switching 
regulator. The high output drive capability of the ICL7667 
enables it to directly drive such transformers. Figure 6 shows 
a typical transformer coupled drive circuit. PWM ICs with 
either active high or active low output can be used in this 
circuit, since any inversion required can be obtained by 
reversing the windings on the secondaries. 


Buffered Drivers for Multiple MOSFETs 


In very high power applications which use a group of MOS- 
FETs in parallel, the input capacitance may be very large 
and it can be difficult to charge and discharge quickly. Figure 
8 shows a circuit which works very well with very large 
capacitance loads. When the input of the driver is zero, Q1 is 
held in conduction by the lower half of the ICL7667 and Q2 is 
clamped off by Q1. When the input goes positive, Q1 is 
turned off and a current pulse is applied to the gate of Q2 by 
the upper half of the ICL7667 through the transformer, T1. 

After about 20ns, T1 saturates and Q2 is held on by its own 
Cgs and the bootstrap circuit of Ci, D1 and R1. This boot- 
strap circuit may not be needed at frequencies greater than 
10kHz since the input capacitance of Q2 discharges slowly. 
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FIGURE 6. TRANSFORMER COUPLED DRIVE CIRCUIT 
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FIGURE 7. VERY HIGH SPEED DRIVER 
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FIGURE 8. VOLTAGE INVERTER 


Other Applications 


Relay and Lamp Drivers 


The ICL7667 is suitable for converting low power TTL or 
CMOS signals into high current, high voltage outputs for 
relays, lamps and other loads. Unlike many other level 
translator/driver ICs, the ICL7667 will both source and sink 
current. The continuous output current is limited to 200mA 
by the I7R power dissipation in the output FETs. 


Charge Pump or Voltage Inverters and Doublers 


The low output impedance and wide Vcc range of the 
ICL7667 make it well suited for charge pump circuits. Figure 
8 shows a typical charge pump voltage inverter circuit and a 
typical performance curve. A common use of this circuit is to 
provide a low current negative supply for analog circuitry or 
RS232 drivers. With an input voltage of +15V, this circuit will 
deliver 20mA at -12.6V. By increasing the size of the capaci- 
tors, the current capability can be increased and the voltage 
loss decreased. The practical range of the input frequency is 
SOOHz to 250kHz. As the frequency goes up, the charge 
pump capacitors can be made smaller, but the internal 
losses in the ICL7667 will rise, reducing the circuit efficiency. 


Figure 9, a voltage doubler, is very similar in both circuitry 
and performance. A potential use of Figure 8 would be to 
supply the higher voltage needed for EEPROM or EPROM 
programming. 


Clock Driver 


Some microprocessors (such as the 68XX and 65XX 
families) use a clock signal to control the various LSI 
peripherals of the family. The ICL7667’s combination of low 
propagation delay, high current drive capability and wide 
voltage swing make it attractive for this application. Although 
the ICL7667 is primarily intended for driving power MOSFET 
gates at 15V, the ICL7667 also works well as a 5V high- 
speed buffer. Unlike standard 4000 series CMOS, the 
ICL7667 uses short channel length FETs and the ICL7667 is 
only slightly slower at 5V than at 15V. 


+15V +15 
1 - 250kHz 
SQUARE a. Neo 
WAVE -13.5V 
Mere 12 10pF IN4001 
LEVELS 1CL7667 


1 47yF 


FIGURE 9. VOLTAGE DOUBLER 
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May 1992 Half-Bridge 500Vpc Driver 


Features Description 


¢ Maximum Rating The SP600 is a smart power high voltage integrated circuit 
* Ability to Interface and Drive Standard and Current (HVIC) optimized to drive MOS gated power devices in half- 


bridge topologies. It provides the necessary control and 
Sensing n-Channel Power MOSFET/GBT Devices management for PWM motor drive, power supply, and UPS 


Creation and Management of a Floating Power Supply applications. 
for Upper Rail Drive 


Simultaneous Conduction Lockout 


e Overcurrent Protection Ordering Information P 


¢ Single Low Current Bias Supply Operation 
e Latch Immune CMOS Logic 


TEMPERATURE 


SP600 -40°C to +85°C 


PACKAGE 


22 Pin Plastic DIP 


¢ Peak Drive in Excess of 0.5 Amp 


Pinout Functional Block Diagram 

22 PIN DIP Ves 

TOP VIEW 12 

DiU 

Veias 62 Rup => a i. 
re 7 lon ; 18 | Gi 
e , LEVEL cr cauf % 
i SHIFT F-—— > — 5 | > 


LOWER 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 2438 2 
Copyright © Harris Corporation 1992 11-79 " 


Specifications SP600 


Absolute Maximum Ratings Full Temperature Range, All © Power Dissipation and Thermal Characteristics 
Voitage Referenced to Vss Unless Otherwise Noted. Notes 1, 2. | 


Low Voltage Power Supply, Vajas (Note 1)............0.6. 18Vpc¢ Thermal Resistance, Junction-to-Ambient Oia. 
Floating Low Voltage Boot Strap ...............0ceeeee 18Vpc Plastic DIP Package 75°CIW 
Power Supply to Phase, Vgs | Maximum Package Power Dissipation at T, = +85°C, Po 
Low Voltage Signal Pins Plastic DIP Package ...........cceceeeceeeeecee s  SOOMW 
Fault, lraip set» Vpp» TRIP,, CL1,G2L...... -0.5Vp¢ to Vpp +0.5 Operating Ambient Temperature Range, Ta....... -25°C to +85°C 
GiL, DIL, Vp-, TOP, BOT Storage Temperature Range, Ts............... -40°C to +150°C 
CL2, TRIPy, G1U, G2U, D1U to Phase ..... -0.5ypc to Vast0.5 
High Voltage Pins 
Phase, Vey )\. ee eee 500Vpc> 
(Ves, Vour TRIPy, CL2, G2U & D1U: OV-18V Higher Than 
Phase) 
Dynamic High Voltage Rating Phase,............. 10,000V/ps 
DVpHASE/dt | 
NOTES: 


1. Care must be taken in the application of Vgjas as not to impose high peak dissipation demands on a relatively small metallized noise dropping resistor (Ryyp). 
Prolonged high peak currents may result if +15Vpc¢ is applied abruptly and/or if the local bypass capacitor Cpp is large. Itis suggested that Cpp be s 10MFD. 
If it is desirable to switch the 15Vpc source or if a Cop is larger, additional series impedance may be required. 

2. Consult factory for additional package offerings. . 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications — (Vajas = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
Vsg Except TRIPy, CL2, G1U, D1U, & Vag Referenced to PHASE. DF: Vp,r to Vag, CF: Vas to PHASE 


[_____Paraweren _____[ svwpox] tews | ww | vp _| wax_[ uns! 
pocmmcrensies——SCSCS—SSCSC“CSCSCSCSCSC‘“SsS*S*S~S™S 


DC CHARACTERISTICS 


+25°C 


Taoci0e | | 
| -40°C to +85°C 
lgias Quiescent Current (Voyz 2 Vajas, and All Inputs +25°C 
rom) bak -40°C to +85°C 
TOP Threshold Level Vtop +25°C 
BOTTOM Threshold Level Veot 425°C 


-40°C to +85°C 


Current Trip Select Threshold Level ViAIPse, | +25°C 


Trip Lower and Upper Comparator Threshold +25°C | 90 105 


< 


Level - Normal (TRIPE, = Vss) -40°C to +85°C 


ooh 
i) 
N 
< 


Trip Lower and Upper Comparator Threshold 
Level - Boost (ItRipge, = Von) % of Measured 


Vrrip UUp +25°C 1 10 130 
-40°C to +85°C | 109 | 
TRIP L/U 


Under Voltage Lockout Thresholds (Vpp & Ves) | Viock 425°C 
-40°C to +85°C 


Phase Out of Status Voltage Threshold (PHASE) 


Faultbar Impedance at Irgarn = 1MA 


BRREEE ne 


-40°C to +85°C | 9.6 | 
-40°C to +85°C 760 
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Electrical Specifications  (Vgjas = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
Vsg Except TRIPy, CL2, G1U, D1U, & Vag Referenced to PHASE. DF: Vopr to Vas, CF: Vag to PHASE 


-40°C to +85°C 


La 
a7 


-40°C to +85°C 


a 


PARAMETER 


Upper/Lower Source Impedances (Isource = 10MA) 


SYMBOL UNITS 


Rso wu 


Upper/Lower Sink Impedances (Iginx = 10mA) Rs vu 


Bootstrap Supply Current Limiting Impedance 
-40°C to +85°C 1.4 
+25°C 


| 35 
re 

-4orcto+ss°c | 54 | 10 | 146 
et 


Noise Dropping Resistor Impedance 


High Voltage Leakage (500V Vas, Vout, PHASE, +25°C a a 
TRIPy, CL2, G1U, G2U, & D1U to Vgg. All other Pins 


-40°C to +85°C 1 
at Vss) 
Miller Clamp Diodes; D1U and D1L (Ip = 10mA) Tae +25°C 1.7 


-40°C to +85°C 1.05 1.4 


~- 
A 


ome 
~ 


Noise Clamping Zeners; CL2 and CL1 (lz=10MA) | Votoy-tow. 


eas] 
[ss [5 


Noise Clamping Zeners; CL2 and CL1 (lz = 50mA) 


Vout Limiting Resistance 


NOTE: Maximum Steady State + 15Vp¢ Supply Current = Ipias, + Ips 


Veen -High 7 


Switching Characteristics (All Referenced to V,., Except: Trip,, Cl2, Giu, G2u, And Diu Referenced to PHASE. Dr: Vp to Ves, 
Cr: Ves to PHASE) 


PARAMETER SYMBOL 


TEMP T 


< 
me) 


UNITS 


| MAX 

Refresh One Shot Timer +25°C 200 350 
-40°C to +85°C 350 

Delay Time of Trip I/u Voltage (Ip)p sel. low) to loFFry +25°C 
G2U/G2L Low (50% Overdrive | ail “40°C to +85°C 3 


4.35 | 


paunver row 40°C to+85°C | 1.85 
Delay Time of Phase Out of Status to Faultbar tosvr +25°C 
Minimum Logic Input Pulse Width: TOP & +25°C 


Minimum G1U/G1L On Time ton +25°C 1.6 
-40°C to +85°C 1.5 

Minimum Pulsed Off Time, G2U/G2L 425°C 
Np 
tony 


S 


700 
43 

4 
2.3 
2.4 
2.0 


1050 


i é) 
i=) 


3.1 
3.4 


1.3 
-40°C to +85°C 


1.05 
Turn On Delay Time of G1U (BISTATE MODE) to 425°C 
Turn On Delay Time of GiL (BISTATE MODE) +25°C 


4.5 
2.1 


3.2 


io) G | GC 


hal (ie : ~ 
rola > 


2.1 
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Specifications SP600 


Switching Characteristics (All Referenced to V,,, Except: Trip,, Cl2, Gu, G2u, And D1u Referenced to PHASE. Dr: Vor to Vas, 
Cr: Vag to PHASE) (Continued) ‘ 


aman seo [rene [ww [ve] wax] unre 
Turn On Delay Time of G1U (TRISTATE MODE)| ton, | 425°C | 075 [| 10 | 15 | us | 
Turn On Delay Time of G1L (TRISTATE MODE) hut 


+25°C 0.75 
Turn Off Delay Time of G2U and G2L 


-40°C to +85°C 
Minimum Dead Time: G1U off to G1L on, or G1L 
off to G1U on (BISTATE MODE) 


+25°C 
Fault Reset Delay to Clear Faultbar = 


b 


—_ 
or 


1.75 
1.45 — 
1.75 


onal 


1 
0.75 
+25°C 
~40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 


3 


N 
a. 


~40°C to +85°C 
Rise Time of Upper & Lower Driver (Load = ta un 


2000pF) 


tony 

tor. 

tat. 
Fall Time of Upper & Lower Driver (Load = te un 
2000pF) 


Recommended Operating Conditions and Functional Pin Description (All Voltages Referenced to Vsg, Unless 
Otherwise Noted. See Figure 1) 


15 115 


fetes foals 


oh, 
=, 


15 5 


PARAMETER 
Faultbar 


CONDITION 
Open Drain Fault Indicator Output 
ITRIP SELECT Digital Input Command to Increase TRIP L and U Threshold by 30% 
VeiAS | 14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current 


Vpp Cop to Vsg 

Vss COMMON 

100mV Signal to Shut Off LOWER Drive and Trigger a Fault Output 
CL1 Lower Noise Clamp Zener 

Ge2L & GIL 


_ Tript 


Low Impedance Driver Designed to Drive Power MOS Transistors (LOWER) 
Current Limiting Charging Resistor for Bootstrap Capacitor Power Supply 


Oo 


F 


< 


BS Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference 
Load Connection Node 
Floating Reference Point for High Side Control Circuitry: Vag, TRIPy, CL2, GiU, G2U & D1U 


100mvV Signal, Referenced to PHASE, to Shut Off UPPER Drive 


Vout 


Tripy 
L2 
“G2U & G1U 


Upper Noise Clamp Zener 

.Low Impedance Driver Designed to Drive Power MOS Transistors (UPPER) 
Digital Input to Command the UPPER On 

Digital Input to Command the LOWER On 

D1U Miller Clamp UPPER to Vgs 

DiL Miller Clamp LOWER to Vpp 


Top 
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Timing Diagram 


TOP 


BOT 


REFRESH 
ONE SHOT 


lonB 

VALID BOTon 
lorrT 

lonT 

lorrB 

UPPER 


LOWER 


Vout 


oer OO 4H OF BA OO FAO FOO tO A202 0+ 0 4 
om Oo mw OF eB Osta owAowoetoxs*otro « 


TRISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


NOTE: BOT switching not relevant. 


Typical Circuit Configuration 


INPUTS OUTPUTS 
FAULT BAR 


TOP 


BOT 


REFRESH 
ONE SHOT 


lon’ 


VALID BOTon 


lorrT 


lont 


lorrB 


UPPER 


LOWER 


Vout 


BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


TRUTH TABLE 
Applicable to Typical Circuit Configuration (Figure 1) 


NOTE: 0 = False, 1 = True, X = Don't Care 
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25Vpc Ss Vunk S$ 500Vpc 
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rs) BOT VOUT 
F SOON. 
9 TOP 10 LOAD 
= FAULT 9 

TRIP SELECT G2L 

Veias Yop Vss_ TRIP, 
15V 


IBias Cop 


FIGURE 1. TYPICAL CIRCUIT CONFIGURATION 


LEGEND 


Rou 
Ror 
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Application Specific 


Application Specific 


Application Specific 


Application Specific 
Application Specific 
Application Specific 


uF @ > 15DC 


0.22uF Ceramic X7R @ 2 15Vpoc. 


Harris P/N A114M or Equiv PRV 2 Vinx: 


Refer to ‘Additional Product Offerings’ for information concerning power output devices. 
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Functional Description 


The SP600 provides a flexible, digitally controlled power 
function which is intended to be used as PWM drivers of 
n-channel MOSFETs and/or IGBTs for up to 240VAC line 
rectified totem-pole applications. The CMOS driveable 
inputs are filtered and captured by the control logic to deter- 
mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 


and, thru the Voyr sense detector, verifies the output voltage © 


state is in agreement with the controlled inputs. The 
> 11VDC floating power supply required to drive the upper 
rail external power device is created and managed by the 
HVIC through Cf and Df. This capacitor is refreshed from the 
Vpp supply each time Vout goes low. If the upper channel is 
commanded on for a long period of time, the bootstrap 
capacitor Cf is automatically refreshed by bringing Voy low. 
This is accomplished by turning off the upper rail MOSFET/ 
IGBT, momentarily turning on the lower rail output device, 
followed by returning control back to the upper switch. Other- 
wise, Cf would gradually deplete its charge allowing the 
upper switch to come out of saturation. The upper and lower 
gate drivers allow for controlled charge and discharge rates 
as well as facilitate the use of nearly lossless current sensing 
power MOS devices. The over current trip level can be 
boosted 30% on a pulse by pulse basis by logic level ‘1’ 
applied to lraip seLtecr- A FAULT output signal is generated 
when any of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn’t agree with the input signal 


Reset of FAULT is provided by externally removing power or 
by holding both TOP and BOT inputs low for the required 
reset time (trtyay). 


Each application can be individually optimized by the selec- 
tion of external components tailored to ensure proper overall 
system operation including: 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as flyback diodes (FBD). 


The selection of separate gate charge (Rc) & discharge (Rp) 
impedance chosen per the load capacitance, frequency of 
operation, and D,/D; dependent recovery characteristics of 
the associated FBDs. Rp should also be sized to prevent 
simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width (torr min): 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETs/IGBTs or shunt(s) may 
be used. 


For the floating bootstrap supply De & Cr must be deter- 
mined. De must support the worse case system bus voltage 
and handle the charging currents of Ce Proper selection 
should take into consideration Tar and Ter per the desired 
operating frequency. Proper selection of Cr is a trade off 
between the minimum ton time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic refresh the capacitor is 
replenished every 350us TYP (or even sooner if input com- 
mands the TOP to switch at a faster repetition rate). 


The local filter capacitor (Cpp) should be sized sufficiently 
large enough to transfer the charge to Ce without causing a 
significant droop in Vpp. As a rule of thumb it should be at 
least 10 times larger than Cr and be located adjacent to the 
Vpp and Vgsg pins to minimize series resistance and 
inductance. 


Refer to Application Note AN-8829 for more details about module operation and selection of external components. 
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Features 
¢ Maximum Rating ............ccccceccneceves 500V 


e Ability to Interface and Drive Standard and Current 
Sensing N-Channel Power MOSFET/IGBT Devices 


Creation and Management of a Floating Power Supply 
for Upper Rail Drive 


¢ Simultaneous Conduction Lockout 
e Overcurrent Protection 


Single Low Current Bias Supply Operation 
e Latch Immune CMOS Logic 
Peak Drive in Excess of 0.5 Amp 


SP601 


Half-Bridge 500Vp¢ Driver 


Description — 


The SP601 is a smart power high voitage integrated circuit 
(HVIC) optimized to drive MOS gated power devices in half- 
bridge topologies. It provides the necessary control and 
management for PWM motor drive, power supply, and UPS 
applications. 


Ordering Information 


| sPeot | -40°C to +85°C 22 Pin Plastic DIP 


Pinout Functional Block Diagram 
22 PIN DIP Ves 
TOP VIEW 12 
b1U 
FAULT L1. Veus | 60 Rup = aw 
hripset L2 . ols 
Vaus[3] "9 Re nd au § 
Voo[ 4! 4 SHIFT » ‘ : 
Vss 5 | Vor 2.52 Reg 


TRIPS 


at 
= 


CAUTION: Thess devicss ars sensitive to electrost 
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alic discharge. Users shouid follow proper I.C. Handiing Procedures. 
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File Number 2429.2 


Specifications SP601 


Absolute Maximum Ratings Full Temperature Range, All 
Voltage Referenced to Vsg Unless Otherwise Noted. Notes 1, 2. 


Power Dissipation and Thermal Characteristics 


Low Voltage Power Supply, Vaiss (Note 1)............... 18Vp_¢ Thermal Resistance, Junction-to-Ambient Bia 
Floating Low Voltage Boot Strap ............ cece weno 18Vpc> Plastic DIP Package 75°C/W 
Power Supply to Phase, Vas Maximum Package Power Dissipation at T, = +85°C, Po 
Low Voltage Signal Pins Plastic DIP Package .............. np atele Ga eae ee 500mW 
Fault, lrpip set, Vop, TRIP,, CL1, G2L...... -0.5Vpc to Vpp +0.5 Operating Ambient Temperature Range, Ta....... -25°C to +85°C 
GIL, DiL, Vps TOP, BOT Storage Temperature Range, Ts...........+.-- -40°C to +150°C 
CL2, TRIPy, G1U, G2U, D1U to Phase ..... -0.5ypc¢ to Vggt0.5 
High Voltage Pins 
Phase, VPHASE asad dy rei cay ete oh fe oi Siig le cbi-arei te cose pe'cey's 16 yaoere eh e-tnse le 500Vpc 
(Ves, Vour TRIPy, CL2, G2U & D1U: OV-18V Higher Than 
Phase) 
Dynamic High Voltage Rating Phase,............. 10,000V/us 
DVpHase/dt 
NOTES: 


1. Care must be taken in the application of Ve;as as not to impose high peak dissipation demands on a relatively small metallized noise dropping resistor (Rup). 
Prolonged high peak currents may result if +15Vpc¢ is applied abruptly and/or if the local bypass capacitor Cpp is large. It is suggested that Cpp be s 10MFD. 
If it is desirable to switch the 15Vpc¢ source or if a Cop is larger, additional series impedance may be required. 

2. Consult factory for additional package offerings. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at thase or any oiner conditions above those incicaicd in tha cpcraticnal socticns of this spccification is not implied. 


Electrical Specifications .(Vgjas = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 


Vsg Except TRIPy, CL2, G1U, D1U, & Vgs Referenced to PHASE. DF: Vor to Vgs, 
CF: Ves to PHASE | 


[_____Panaweven [sympa] temp] wn] tye | wax | unrs, 


DC CHARACTERISTICS _ 


Input Current (5V < Vrop, Veor VIRIPse, < 15V) 8 eo 


laiasy 
-40°C to +85°C 


-40°C to +85°C 


Igias Quiescent Current (All Inputs Low) 


IBIAS Quiescent Current (Voyt 2 Veias: and All Inputs 
Low) 


gs Quiescent Current Bootstrap Supply 5 


ENABLE Threshold Level +25°C 


-40°C to +85°C 
-40°C to +85°C 


-40°C to +85°C 

-40°C to +85°C 

-40°C to +85°C 109 
-40°C to +85°C 9.7 

ca 
-40°C to +85°C 4.7 
RF 
-40°C to +85°C 450 
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é 
\e) 
Vv 


UP/DN Threshold Level 


Current Trip Select Threshold Level 


& afow] af a 

NEN TNT N : 
—_ 
3 


Trip Lower and Upper Comparator Threshold 
Level - Normal (ITRIPSey = Vss) 


105 


127 


Trip Lower and Upper Comparator Threshold 
Level - Boost (Itpipg-, = Vop) % of Measured 
VirIP Wu 


Under Voltage Lockout Thresholds (Vpp & Vas) 


10.5 
Phase Out of Status Voltage Threshold (PHASE) 


+ | 
cla 
= 
»|*]<|<|<[< ; ; 212] |<{<{<{-{<f51513(3]2 20] 


Faultbar Impedance at Irgaq = 1mMA 


+ 
nm 
oi 

° 
QO 
> 
OD 
Oo 
anh, 
S 


POWER DRIVERS 
AND SWITCHES 


Specifications SP601 


Electrical Specifications .(Vgias = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
| Veg Except TRIP, CL2, G1U, DIU, & Vag Referenced to PHASE. DF: Vp. to Vas, 
CF: Vgs to PHASE (Continued) . 


[___Paraweven | svwaox | _vewe | wn | twp | wax [uns 
Unperr-ower Source impedances sama =TOmA) | Reo [25 | 1 | 7 | 2 | a 
_ Gecouse [7 [7 |» [a 


Upper/Lower Sink Ilmpedances (Isijx = 10MA) Rs yu 
Bootstrap Supply Current Limiting Impedance 
pow seecomne | Gea 


Noise Dropping Resistor Impedance 
High Voltage Leakage (500V Vas, Voy, PHASE, 
TRIPy, CL2, G1U, G2U, & D1U to Vsg. All other Pins 
at Vss) 


Vour Limiting Resistance 


Peeled >P iE] 


NOTE: Maximum Steady State + 15Vpc¢ Supply Current = Ipias, + Ips 


Switching Characteristics (Ali Referenced to V,,, Except: Trip,, Cl2, Giu, G2u, And D1u Referenced to PHASE. Dr: Vpr to Vas, 
Cr: Vag to PHASE) 


Refresh One Shot Timer 
i ie es 
Delay Time of Trip I/u Voltage (ltpyp sel. low) to 


Wu Voltas Re aad 
G2U/G2L Low (50% Overdrive 40°C to +85°C [4.85 | 
Delay Time of Trip | Voltage (I7pup Sel. low) to a re 
Faultbar Low 40°C to +85°C | 4.85 | 


{oe 


“J 
S 
w 
o1 o 


Low (TOP High) | 
Minimum Logic Input Pulse Width: TOP & thant | 430 


Minimum G1U/G1L On Time 
tony 


Minimum Pulsed Off Time, G2U/G2L 


Turn On Delay Time of G1U (BISTATE MODE 


~=——_ 


-40°C to +85°C 
-40°C to +85°C 


Turn On Delay Time of G1L (BISTATE MODE) 
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Specifications SP601 


Switching Characteristics (All Referenced to V,,, Except: Trip,, Cl2, Gu, G2u, And D1u Referenced to PHASE. Dr: Vpg to Ves, 
Cr: Ves to PHASE) (Continued) 


[______Paraweven if svmeou| rewe | ww | wwe | wax | unm | 


Turn On Delay Time of G1U (TRISTATE MODE)| toy, | +25°C | o7s [| 10 | 145 | us | 
Paes | 080 [1 | as | ws 
Turn On Delay Time of GIL (TRISTATE MODE) | ton, | 425° | o7s | 10 | 15 | os | 
pommncerme| ee tee 
Turn Off Delay Time of G2U and G2L torr 


BG 


Taec ese [080 
Minimum Dead Time: G1U off to G1L on, or G1L OT ee ee ee ee 
fsiesivnstareneng "|S eee pe a 
Fault Reset Delay to Clear Faultbar tat ee ee ee ee 
re. £ pare 


Rise Time of Upper & Lower Driver (Load = = ta un 
2000pF) 


Fall Time of Upper & Lower Driver (Load = te un a ee re __| 2 : 


Recommended Operating Conditions and Functional Pin Description (All Voltages Referenced to Vsg, Unless 
Otherwise Noted. See Figure 1) 


PARAMETER CONDITION 
Faultbar Open Drain Fault Indicator Output 
Digital Input Command to Increase TRIP L and U Threshold by 30% 


Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference 


Ves 
Floating Reference Point for High Side Control Circuitry: Vgg, TRIPy, CL2, G1U, G2U & D1U 


UP/DN Digital Input to Top/Bottom Device (If ENABLE is High) | 
Miller Clamp UPPER to Vas 
Miller Clamp LOWER to Vpp 
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ENABLE Digital Input to ENABLE the UP/DN Command to Turn on Top/Bottom Devices 


POWER DRIVERS 
AND SWITCHES 


Timing Diagram 
ENABLE 1 rs ee ail ENABLE 1 
0 ; : 0 
UP/DOWN aaa a or are UP/DOWN 1 
- 0 a. 0 
REFRESH! LI | | REFRESH 1 aie 
ONESHOT 0 ONESHOT 4 | : 
1 1 
lonBg ee | ee | lonB | | | 
1 | , | 
VAUD BOTon = g | | VALIDBOTon =, | | | | 
1 3 | 1 
lorrT 0 | | | 1 lorrT | | | | . | 
1 1 
lonT 4g | | lon | | | 
? 1 
lorrB lorrB | | | | | | 
0 . 0 
1 1 
UPPER | [ | | UPPER | | | | | | 
0 0 
LOWER LOWER || | | | 
° : 0 
Voc  Y 
COM COM 


SP601 


TRISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


NOTE: BOT switching not relevant. 


Typical Circuit Configuration 


BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


TRUTH TABLE 
Applicable to Typical Circuit Configuration (Figure 1) 


- INPUTS OUTPUTS. 


LOWER -| FAULT BAR 


NOTE: 0 = False, 1 = True, X = Don't Care 
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SP601 


25Vpc Ss Vunk S 500Vnc 


ENABLE 


UP/DN SP601 
HVIC Dil 


AUL 


SYSTEM CONTROL 


ITRIP SELECT 


Veias Yop Vss_ TRIP, 


FIGURE 1. TYPICAL CIRCUIT CONFIGURATION 


LEGEND 


' Application Specific 


[Fon | re ies Fey 
has | cores 


Application Specific 
Application Specific 
Application Specific 


Application Specific 


Application Specific 


SnF @ > 15DC 


0.22uF Ceramic X7R @ 2 15Vpc 


Harris P/N A114M or Equiv PRV 2 Vinx 


POWER DRIVERS 
AND SWITCHES 


Refer to ‘Additional Product Offerings’ for information concerning power output devices. 
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SP601 


_ Functional Description 


The SP601 provides a flexible, digitally controlled power 


function which is intended to be used as PWM drivers of 
n-channel MOSFETs and/or IGBTs for up to 240VAC line 
rectified totem-pole applications. The CMOS driveable 


inputs are filtered and captured by the control logic to deter- 


mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 
and, thru the Voy7 sense detector, verifies the output voltage 
state is in agreement with the controlled inputs. The 
> 11VDC floating power supply required to drive the upper 
rail external power device is created and managed by the 
HVIC through Cf and Df. This capacitor is refreshed from the 
Vpp supply each time Vout goes low. If the upper channel is 
commanded on for a long period of time, the bootstrap 
capacitor Cf is automatically refreshed by bringing Voyr low. 
This is accomplished by turning off the upper rail MOSFET/ 
IGBT, momentarily turning on the lower rail output device, 
followed by returning contro! back to the upper switch. Other- 
wise, Cf would gradually deplete its charge allowing the 
upper switch to come out of saturation. The upper and lower 
gate drivers allow for controlled charge and discharge rates 
as well as facilitate the use of nearly lossless current sensing 
power MOS devices. The over current trip level can be 
boosted 30% on a pulse by pulse basis by logic level ‘1’ 
applied to Ippip seLect- A FAULT output signal is generated 
when any of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn’t agree with the input signal 


Reset of FAULT is provided by externally removing power or 
by holding the ENABLE input low for the required reset time 
(trtwax).- : 


Eacn application can be individually optimized by the selec- 
tion of external components tailored to ensure proper overall 
system operation including: 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as flyback diodes (FBD). 


The selection of separate gate charge (Rc) & discharge (Rp) 
impedance chosen per the load capacitance, frequency of 
operation, and D,/D; dependent recovery characteristics of 


the associated FBDs. Rp should also be sized to prevent 
_ simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width (torr win)- 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETs/IGBTs or shunt(s) may 
be used. 


For the floating bootstrap supply De & Cre must be deter- 
mined. De must support the worse case system bus voltage 
and handle the charging currents of Ce Proper selection 
should take into consideration Tay and Trr per the desired 
operating frequency. Proper selection of Cr is a trade off 
between the minimum toy time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic refresh the capacitor is 
replenished every 350us TYP (or even sooner if the UP/DN 
input switches at a faster repetition rate). 


The local filter capacitor (Cpp) should be sized sufficiently 
large enough to transfer the charge to Cr without causing a 
significant droop in Vpp. As a rule of thumb it should be at 
least 10 times larger than Cr and be located adjacent to the 
Vpp and Vsg pins to minimize series resistance and 
inductance. 


Refer to Application Note AN-8829 for more details about module operation and selection of external components. 
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POWER MOSFETs | 12 


ULTRA-FAST RECTIFIERS 


DATA SHEETS PAGE 
MUR810, MUR815, MUR820 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers...............00000. 12-3 
RUR810, RUR815, RUR820 

MUR840, MUR850, MUR860 _ BAHigh-Speed, High-Voltage, High-Efficiency Epitaxial ............ ccc eee eee 12-5 
RUR840, RUR850, RUR860 Silicon Rectifiers 

MUR870E/880E/890E/8100E 8A Ultrafast Diode With Soft Recovery Characteristic....... 0.0... 0c cc cee eee wees 12-8 
RUR870/880/890/8100 

MUR1510/1515/1520 15A Ultrafast Diode With Soft Recovery Characteristic .......... 0... cee eee eee 12-11 
RUR1510/1515/1520 

MUR1540/1550/1560 15A Ultrafast Diode With Soft Recovery Characteristic .......... 0... cece eee 12-14 
RUR1540/1550/1560 

RUR1570, RUR1580 15A Ultrafast Diode With Soft Recovery Characteristic ...........ccccceecceeees 12-17 
RUR1590, RUR15100 

RUR3010/3015/3020 30A Ultrafast Diode With Soft Recovery Characteristic ........ 0.0... cece eee eee 12-20 
RUR3040/3050/3060 30A Ultrafast Diode With Soft Recovery Characteristic ........ 0.0... cece eee eee 12-23 
RUR3070/3080/3090/30100 $30A Ultrafast Diode With Soft Recovery Characteristic .............. cc eee e ee ees (12-26 
RURD810/815/820 Dual 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers ................ 12-29 
MUR1610CT, MUR1615CT, Dual 8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers ................ 12-31 


MUR1620CT, RUR1610CT, 
RUR1615CT, RUR1620CT 


MUR3010PT, MUR3015PT, 15A Ultrafast Dual Diode With Soft Recovery Characteristic ............ 00 cece eee 12-35 
MURS3020PT, RURD1510, 
RURD1515, RURD1520 


MURSO40PT, MURSOS5SOPT, 15A Ultrafast Dual Diode With Soft Recovery Characteristic ..................00- 12-38 
MUR3060PT, RURD1540, | 
RURD1550, RURD1560 


RURD1610/1615/1620 Dual 16A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers ............... 12-41 
RURD3010/301 5/3020 30A Ultrafast Dual Diode With Soft Recovery Characteristics .............0e eee 12-43 
RURD3040/3050/3060 30A Ultrafast Dual Diode With Soft Recovery Characteristics ...............0000. 12-46 


RECTIFIERS 


iat HARRIS 


August 1991 


Features 


¢ Ultrafast Recovery Time 
(trr < 35ns) 


e Low Forward Voltage 
e Low Thermal Resistance 
e Planar Design 


e Wire-Bonded Construction 


Applications 
e General Purpose 
e Power Switching Circuits to 100kHz 


e Output Rectification in Switchng Power Supplies 


Description 


MUR810, MUR815, MUR820 and RUR810, RUR815, 
RUR820 are low forward voltage drop ultrafast recovery 
rectifiers (trp < 35ns). They use a_glass-passivated 
ion-implanted, epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high-frequency pulse-width 
modulated switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize 
electrical noise generation and in many circuits markedly 
reduce the turn-on dissipation of the associated power 
switching transistors. 


All are supplied in TO-220AC packages. 


Absolute Maximum Ratings (Tc = +25°9C) 


MUR810 RUR810 
MUR815 RUR815 
MUR820 RUR&20 
8A High-Speed, High-Efficiency 
Epitaxial Silicon Rectifiers 


Package 


TO-220AC 
TOP VIEW 


CATHODE aaa 
> 
(FLANGE) = ANODE 


L. Ss CATHODE 


Symbol 


Peak Repetitive Reverse Voltage. ..... ccc cece eee e eee eee eees VRRM 
Average Rectified Forward Current 
TA = 25°C (NO HEAatSINk): cceserstevuasss cewtstaiaadacteeeees IF(AV) 
TA = 25°C (With Heat SINK)” iseivad waved caved sveksesimanaeanane IF(AV) 
TAS 1000 cscusinereroteattnte couse nccireadubeauwes vanes IF(AV) 
Nonrepetitive Peak Surge Current ......... ccc cece ee eee cen e ences l-FSmM 
(8.3ms, ¥2 cycle) 
Operating and Storage Temperature .......... ccc e cece ene Tsta@ ly 
Maximum Lead Temperature During Solder ......... cece cee cence eeee TL 
(At distance > Ye” (3.17mm) from case or 10s max) 


*Wakefield type 295 heat sink with convection cooling. 
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MUR810 
RUR810 


100V 


-659C to +1759C 


260°C 


MUR815 
RUR815 


150V 


-65°9C to+1759C, -65°C to +175°C 


260°C 


File Number 


MUR820 
RUR8&20 


200V 


RECTIFIERS 


260°C 


1355.2 


MUR810, MUR815, MUR820  RUR810, RUR8&15, RUR8&20 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 
LIMITS 


TEST 
CONDITION 


=f 


a | 


VR = 100V 
VR = 150V 


VR = 200V 
VR = 100V 
VR = 150V 


ebb d EE PEL Tle 


*die/dt = 40A/us, Iq (rec) < 1A, IRR = 0.25A. 


REAPPLIED Vp (PK) = Van 


[Irsm]—_A 


CURRENT 
THERMAL IMPEDANCE (Zgjc)—°C/W 


PEAK SURGE (NON -REPETITIVE) FORWARD 


4 6 8 10 2 4 6 8 100 \ 


NUMBER OFHALF-CYCLES IN SURGE DURATION AT 60 Hz 


FIGURE 1. PEAK SURGE FORWARD CURRENT FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH 
vs SURGE DURATION 


Ke) 
PULSE WIDTH (tp)—ms 


- | A TS ————— 
f p= a racine eel 
: ae a ieee 
3 soe eee = 
i Soeur Receer ae Sree 
3 Esa rn omer arene SR ORE TE 
g ee ea eae ee (ee ee 
s (eee a (A a Re a 
= [-_ +} —___}|—__}—__ <<} 
S a ieee ee 
: iS ee cre cn cue A | 
: Se ae ae Ee ae ee es 
E [ere a Se Se 
z Seeeans Soa Haare eee: ae lear ae eae 
2 Ss eee: ae eas ee 
: oe eS eee 
oO 150 200 
INSTANTANEOUS FORWARD VOLTAGE DROP (Ve}-V REVERSE VOLTAGE (Vpy)-V 
FIGURE 3. TYPICAL FORWARD CURRENT FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


vs FORWARD VOLTAGE DROP 
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MUR8&840 RUR840 

MUR8&850 RUR850 

MUR&860 RUR860 

8A High-Speed, High-Voltage, 

High Efficiency Epitaxial Silicon Rectifiers 


Features Package 
F TO-220AC 
e Ultrafast Recovery Time TOP VIEW 
(trr < 50ns) 
e Ww t , 
Low Forward Voltage | CATHODE —— anOsE 
e Low Thermal Resistance (FLANGE) ms) 


e Hard Glass Passivation 


_ © Wire-Bonded Construction 


Annlications 


ay oe nel 


e General Purpose 
e Power Switching Circuits to 100kHz 


e Output Rectification in Switchng Power Supplies 


Description 


MUR840, MUR850, MUR860 and RUR840, RUR850, 
RUR860 are low forward voltage drop ultrafast recovery 
rectifiers (tr;p < 50ns). They use a _ glass-passivated 
ion-implanted, epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high-frequency pulse-width 
modulated switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize 
electrical noise generation and in many circuits markedly 
reduce the turn-on dissipation of the associated power 
switching transistors. 


All are supplied in TO-220AC packages. 


Absolute Maximum Ratings (Tc = +25°9C) 


Peak Repetitive Reverse Voltage. ..... ccc cece cee r eee ceececeecece VRRM 
Working Peak Reverse Voltage, VRwm 
DC Blocking Voltage, Vp 

Average Rectified Forward Current ........... cece cee ence ence ees IF(AV) 
Total Device, (Rated Vp), Tc = 150°C 

Peak Repetitive Forward Curent ...... 2... ccc cece reece eee eee e enone lFM 
(Rated Vp, Square Wave, 20kHz), To = 150°C 

Nonrepetitive Peak Surge Current ......... ccc ccc e ence ee eeeenens IFSM 
(Surge Applied at Rated Load Conditions 
Halfwave, Single Phase, 60Hz) 

Operating and Storage Temperature ......... ccc cece cece eee TsT@ TJ 

Maximum Lead Temperature During Solder ............ ccc cece eee eeees TL 
(At distance > %" (3.17mm) from case or 10s max) 


Copyright © Harris Corporation 1991 
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Symbol 


MUR840 
RUR840 


400V 


8A 


16A 


100A 


~659C to +175°9C 


260°C 


MUR850 
RUR85S0O 


SOOV 


8A 


16A 


100A 


-659C to +1759C 


260°C 


MUR860 
RURS86O 


600V 


8A . 


16A 


RECTIFIERS 


100A 


-659C to +1759C 
260°C 


| File Number 2091.1 


MUR840, MUR850, MUR860 _—RUR840, RUR8&50, RUR8&60 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 


oe MUR840, RUR840 


SYMBOL CONDITION 


To = +150°C 

Ip =8A 

To = +25°C 
To = +150°C 


IR @ Vr = 400V 


vU 
od, 


PEEEPEPPE TT fe 


*dif/dt = 50A/ps 
**IR =1.0A, IREC = 0.25A. 


1 1.2 

Ve ( VOLTS) 

FIGURE 1. TYPICAL FORWARD VOLTAGE 
(MUR840, RUR840) 


Vv, (VOLTS) 


FIGURE 3. TYPICAL REVERSE LEAKAGE 
(MUR840, RUR840) 


LIMITS 


MUR850, RUR850 MUR860, RUR860 


Le] 


oO 


Oo 


no] 
—_ 


100 g .TYPICAL FORWARD VOLTAGE 


NG 
NG 
mS 


Lasse 


Ig (AMPS) 


ee 
SN 
SSN 
Lo 


04 O06 08 1 120144 °« 16018 
Ve ( VOLTS) 
FIGURE 2. TYPICAL FORWARD VOLTAGE (MUR850, 
MUR860, RUR850, AND RUR860) 


Tr (4 AMPS) 


roe 

Vy (VOLTS) 

FIGURE 4. TYPICAL REVERSE LEAKAGE (MUR85O, 
MUR860, RUR850, AND RUR860) 
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RUR8&40, RUR8&50, RUR860 


MUR8&40, MUR&50, MUR860 


ST ELE TM E}:| 


LS¥4-VHLTN 


Ir (AMPS) 


Sa SSSR esas 
2B Seeee esas 
Ban eenNeee 
aeReeeeeeee 


FIGURE 5. TYPICAL REVERSE RECOVERY TIME (ALL TYPES) 
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rey MUR870E, MUR880E, MUR890E 
HARRIS ‘“"MUR8100E, RUR870, RUR&80 
RUR890, RUR8100 

8A Ultrafast Diode 


et 


May 1991 With Soft Recovery Characteristic 
Features | Package 
e Ultrafast with Soft Recovery Characteristic | big ai 


(trr < 75ns) 


© +175°9C Rated Junction Temperature 


e Reverse Voltage Up to 1000V CATHODE aaa RNGOE 
i 
(FLANGE) 
e Avalanche Energy Rated es 
[So ~(CATHODE 
Applications 


e Switching Power Supply 
e Power Switching Circuits 


e General Purpose 


ae Symbol 
Description 
MUR870E, MUR880E, MUR8S90E, MUR8100E and 
RUR870, RUR880, RUR890, RUR8100 are ultrafast dual K 


diodes (tr; < 75ns) with soft recovery characteristics 
(ta/th ~ 0.5). They have a low forward voltage drop and are 
of planar, silicon nitride passivated, ion-implanted, epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft A 
recovery characteristics minimizes ringing and electrical 

noise in many power switching circuits thus reducing power 

loss in the switching transistor. 


All are supplied in TO-220AC packages. 


Absolute Maximum Ratings (Tc = +25°C) 


MUR870E MUR880E MUR890E MUR8100E 
. RUR870 RUR880 RUR890 RUR8100 

Peak Repetitive Reverse Voltage. ...........06. VRRM 7OOV 800V 900V 1000V 
Working Peak Reverse Voltage ..........5.00- VRWM 700V 800V 900V 1000V 
DC Blocking Voltage ...... cc cece cece cece eee ces VR 7O00V 800V 900V 1000V 
Average Rectified Forward Current ............ IF(AV) 8A 8A 8A 8A 

(Total device forward current at rated 

Vr and T, = 150°C) 
Peak Forward Repetitive Current ............40.. IFRM 16A 16A 16A 16A 

(Rated Vp, square wave 20kHZ) 
Nonrepetitive Peak Surge Current ...........66. IFSM 100A 100A 100A 100A 

(Surge applied at rated load 

condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ........ TgTG, Ty ~55°C to+175°C -55°C to+1759C -55°Cto+1759C -55°9C to +1759C 

Copyright © Harris Corporation 1991 File Number °780.1 
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MUR870E, MUR880E, MUR890E, MUR8100E, RUR8&70, RUR&80, RUR890, RUR8&100 


Electrical Characteristics At Case Temperature (Tg = +25°C) Unless Otherwise Specified. 


TEST 
SYMBOL CONDITION 


IR @ 
To =+7 50°C 


Vr = 800V 


IR @ 
Tg = +25°C 


4 

~< 

0 
no aS —_, 
ro) on 
du oO ro) 


Definitions 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current (pw = 300us, D = 2%). 


try = Reverse recovery time at dig¢/dt = 100A/ps (See Figure 2), 
summation of tg + tp. 


ta = Time to reach peak reverse Current at dlr/dt = 100A/ps 
(See Figure 2). 


V4 amplitude controls IF 
Va amplitude controls di/dt 
L, = self inductance of R4 R4 


FIGURE 1. trp TEST CIRCUIT 


< 
a] 


Ly < ta (min) 


LIMITS 


~< 
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th = Time from peak IR to projected zero crossing of IRy4q based ona 
Straight line from peak Ippy through 25% of Impy. (See Figure 2) 


R@jc = Thermal resistance junction to case. 

Way! = Controlled avalanche energy (See Figures 7 & 8). 
pw = pulse width. 

D = duty cycle. 


VRM (REC) — — 


10 


FIGURE 2. DEFINITIONS OF tyr, tg AND tp 
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RECTIFIERS 


MUR870E, MUR880E, MUR890E, MUR&87100E, RUR&70, RUR&80, RUR8&890, RUR&100 


Too 
nn 
An ANTI Zz9t 

CHAT 


1.5 ae as 
ffffzsec treicat 
1.0 | Le att 
_— 
eT LE 


FORWARD VOLTAGE DROP \; (V) 
AVERAGE POWER DISSIPATION Pg 


aeccmanmom | UTI | LLY 


0.0 
0.1 ¢ 10.0 60.0 
FORWARD CURRENT I; (A) AVERAGE FORWARD CURRENT I; , AVG. (A) 
FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT FIGURE 4. AVERAGE FORWARD CURRENT vs AVERAGE 
CHARACTERISTIC POWER DISSIPATION 


< 10 1 
= ; 
2 as 3 
ro = 
on aa : 
“ 
E *lsaume wae SK : 
is : 
7 a 5 
Q 
es eee ae W 
oP ee es ee, ee < 
ee eee ees eee = 
= ee RE oer 0 
< 440 150 160 170 180 0 20 40 60 80 100 120 140 160 180 
CASE TEMPERATURE Ty (°C) AMBIENT TEMPERATURE, Ta (9C) 
FIGURE 5. AVERAGE FORWARD CURRENT vs CASE FIGURE 6. AVERAGE FORWARD CURRENT vs 


TEMPERATURE AMBIENT TEMPERATURE 


CURRENT 
SENSE 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 
ILpeak = 1A, L = 40mH, R < 0.129, Way = (1/2) LI2[Vayi/(Vavi-Vad)] 
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becca ss [(MUR1510 RUR1510 
HARRIS MUR1515 RUR1515 
MUR1520 RUR1520 


15A Ultrafast Diode 


May 1991 With Soft Recovery Characteristic 
Features Package 
TO-220AC 
e Ultrafast with Soft Recovery Characteristic TOP VIEW 


(trr < 30ns) 


e +175°9C Rated Junction Temperature 


e Reverse Voltage Up to 200V CATHODE 
(FLANGE) ee 


e Avalanche Energy Rated pny CATHODE 


Applications 


® Switching Power Supply 
Symbol 


¢ Power Switching Circuits 


e General Purpose 


Description 


MUR1510, MUR1515, MUR1520 and RUR1510, 
RUR1515, RUR1520 are ultrafast dual diodes (tr; < 30ns) 
with soft recovery characteristics (ta/tp ~ 1). They have a 
low forward voltage drop and are of planar, silicon nitride 
passivated, ion-implanted, epitaxial construction. A 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


All are supplied in TO-220AC packages. 


Absolute Maximum Ratings (Tc = +25°C) 


MUR1510 MUR1515 MUR1520 
RUR1510 RUR1515 RUR1520 


Peak Repetitive Reverse Voltage. .......... cc cee cece net c een ceeee VRRM 100V 150V 200V 
Working Peak Reverse Voltage .........cccsccccccrccccsnscvcees VRWM 100V 150V 200V 
DC Blocking VONAGC .. scis ac'sci vei aew eid ee Niwa ae eves Shae awe be kawais VR 100V 150V 200V 
Average Rectified Forward Current ....... is Siouuehe awa ee teetiale neal IF(AV) 15A 15A 15A 
(Total device forward current at rated 
VR and Tc = 1509C) 
Peak Forward Repetitive Current ........ 0c cece eee e eee e reece eeneee lFRM 30A 30A 30A 
(Rated Vp, Square wave 20kKHZ) 
Nonrepetitive Peak Surge Current ......... cee cece cece cece eee oees lIFSM 200A 200A 200A 
(Surge applied at rated load 
condition halfwave 1phase 60Hz) ' 
Operating and Storage Temperature ...........ccceencescceecs TsTa@ Ty -55°C to+1759C -559C to+1759C = -559C to +1759C 


RECTIFIERS 


Copyright © Harris Corporation 1991 File Number 2779.1 
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MUR1T570, MUR1515, MUR1520 RUR1570, RUR151715, RUR1520 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 
TEST 


SYMBOL. | CONDITION 
VE Ip =15A 
To = +150°C 
IF =15A 
To = +259C 


IR@ . VR =100V 
VR = 200V 


IR@ Vp = 100V 
To = 425°C [Vy = 150V 
VR = 200V 


bf leb BBP PEP] «| < 


LIMITS 
~ MUR1510, RUR1510 MUR1515, RUR1515 MUR1520, RUR1520 
UN 


TYP TYP ITS 
Vv 


1.05 1.05 


Oo 


Oo 


a 
io) 
a 
oO 


io) 

Oo 
— — 
C O 


= 9 = 
Oo 


i) 
oO 
@ 


oO 
oO 


on 
oa 


cle pee PELL [de 


Definitlons 


VF = Instantaneous forward voltage (pw = 300yus, D = 2%). th = Time from peak Ip to projected zero crossing of IR»y based ona 


I = Instantaneous reverse current (pw = 300ys, D = 2%). straight line from peak Ipy through 25% of Ipjy. (See Figure 2) 


try = Reverse recovery time at dip/dt = 100A/ys (See Figure 2), Rejc = Thermal resistance junction to case. 


summation of tg + tp. Way = Controlled avalanche energy (See Figures 7 & 8). 
ta = Time to reach peak reverse current at dig/dt = 100A/ps pw = pulse width. 


(See Figure 2). D = duty cycle. 


| i Tg 

loa |, 

ae i 

Vo | 
ty > 5 ty (max) V NJ 
Vy amplitude controls Ir i ; 
V2 amplitude controls di/dt . Big Talo 
L, = self inductance of Ry R4 10 
FIGURE 1. try TEST CIRCUIT FIGURE 2. DEFINITIONS OF try, tg AND th 
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~RUR1510, RUR15715, RUR1520 


i ) / I 


SUAISILISY 
isv4-Wulan 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


(1/2) LI2[Vayi/(Vavi-Vad)l 
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MUR1570, MUR1515, MUR1520 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


40mH, R < 0.12, Way 


ILpeak = 1A, L 


™ HARRIS 


MUR1540 RUR1540 
MUR1550 RUR1550 
MUR1560 RUR1560 

15A Ultrafast Diode 


May 1991 With Soft Recovery Characteristic 
Features Package | 
- ne TO-220AC 
e Ultrafast with Soft Recovery Characteristic TOP VIEW 
(trr < 55ns) 
e +175°C Rated Junction Temperature _ be at 
; CATHODE mas 
(FLANGE) ee OE 


e Reverse Voltage Up to 600V 


® Avalanche Energy Rated 


Applications 
e Switching Power Supply 
¢ Power Switching Circuits 


e General Purpose 


Description 


MUR1540, MUR1550,. MUR1560 and RUR1540, 
RUR1550, RUR1560 are ultrafast dual diodes (tr < 55ns) 
with soft recovery characteristics (ta/th ~ 1). They have 
a low forward voltage drop and are of planar, silicon nitride 
passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


All are supplied in TO-220AC packages. 


bs 


Symbol 


as CATHODE 


Absolute Maximum Ratings (Tc = +25°9C) 


Peak Repetitive Reverse Voltage. .......ccsseccvaccecccccsaceeces VRRM 
Working Peak Reverse Voltage ........ cece ceccccccccsceceecvecs VRWM 
DG BIOCKING VONAGE io 5:6. c5isewois eco Wie aN a Oe ewe as 9 NEw Rees VR 
Average Rectified Forward Current 
(Total device forward current at rated 
VR and Tg = 1509C) 
Peak Forward Repetitive Current 
(Rated Vr, square wave 20kHZ) 
Nonrepetitive Peak Surge Current 
(Surge applied at rated load 
condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ......... ccc cece cece ctcnceees Ts, Tj 


Copyright © Harris Corporation 1991 
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MUR1540 
RUR1540 


400V 

400V 

400V 
15A 


MUR1550 
RUR1550 


SOOV 

SOOV 

SOOV 
15A 


30A a0A 


200A 200A 


~559C to +1759C 


~559C to +175°C 


MUR1560 

_ RUR1560 
600V 
600V 
600V 
15A 


200A 


-55°C to +175°9C 


2778.1 


File Number 


MUR1540, MUR1550, MUR1560, RUR1540, RUR1550, RUR1560 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 


LIMITS 
ae MUR1540, RUR1540 MUR1550, RUR1550 MUR1560, RUR1560 
SYMBOL 


CONDITION 


VF Ip =15A 
To =+1500C 
Ip =15A 
To =+25°9C 
IR@ Vp = 400V 


To = +1500°C 
G VR = 500V 


VR = 600V 


IR @ VR = 400V 

To = +250C 
C VR = 500V 
VR = 600V 


eee de 


— 
oO 

—_ 

eo) 


IrF=1A 
IF=1A 
I-F=15A 


=1A 
Ip =15A 


see Fig. 788 


Definitions 


ter 
ta 
th 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). tp = Time from peak Ipny to pr: .cted zero crossing of IRpy based ona 


Ig = Instantaneous reverse current (pw = 300ps, D = 2%). straight line from peak Iraq through 25% of Imyy. (See Figure 2) 


try = Reverse recovery time at di¢/dt = 100A/us (See Figure 2), Rejc = Thermal resistan.e junction to case. 


stummatinn aft. + th. Wey — vonuolled avalanche energy (See Figures 7 & 8). 
tz = Time to reach peak reverse current at dle/dt = 100A/ys pw = pulse width. 


See Figure 2). 
( . D = duty cycle. 


| ral t oe 
pets es 
| oe — 
0 i 
© 
es: : 
Vo 
V4 amplitude controls ig ig >0 7 
V2 amplitude controls di/dt 41 < ta(min) VRM (REC) — — —# 
L1 = self inductance of Rq R4 10 
FIGURE 1. trp TEST CIRCUIT FIGURE 2. DEFINITIONS OF tr,, tg AND tp 
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MUR1540, MUR1550, MUR1560, RUR1540, RUR1550, RUR1560 


200 
| NS 
100.00 pence greeeergee peereener eeere Spates Sec _———— a 
SS TST LS SL SN EE ATT - eeaitmasi} 
es ee ee ee es ee 2 pate: 
= Tr  | |... |... |. sd” Ad _| < 10 ee ee SE 
© i666 bes Le! a ——— 
pce emeey ceed vnaemernaricunend amin caer mipmap aang ining firemen ed eeeen ocean — 
Ww RR Ge ee ee eee 2 eee eee eee WwW 1 
foal 7 Wy 4D 4n6e 4 ees wee a 
c Tj = 4 Aww 44 ees eee c 
a Pay aa ae ee S 
O . — se (é) 
Q — —F Ti = 100°C nn ; | eee ee oe ee a a 
o mere fare a an ——————— 
iB —— = an See & —————— 
= — 
= oioL—} ALA | a ee co, TS 
ee —— = = A Y , [| A AS ae 
$F > 2 
At 2” J A SES AE PEE GAEOCORT 
0.01LZ If 4 peel a ee ie 
0.0 02 04 06 08 1.0 1.2 1.4 16 1.8 i) 100 200 300 400 500 600 


REVERSE VOLTAGE (V) 


FORWARD VOLTAGE DROP (V) 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC CHARACTERISTIC 


tres ta , th (ns) 


_ AVERAGE CURRENT, TE(AV) (A) 


CASE TEMPERATURE, Tyg (°C) - 


FIGURE 5. TYPICAL try, ta, th vs FORWARD CURRENT FIGURE 6. TYPICAL CURRENT DERATING CURVE w.r.t. 
CASE TEMPERATURE 


CURRENT 
SENSE 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 


ILpeak = 1A, L = 40mH, R < 0.19, Way = (1/2) LI2[Vavi/(Vavi-Vad)] 
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ot HARRIS 


August 1991 


Features 


¢ Ultrafast with Soft Recovery Characteristic 
(trr < 100ns) 


© +175°C Rated Junction Temperature 
e Reverse Voltage Up to 1000V 
e Avalanche Energy Rated 


e Planar Construction 


Applications 
e Switching Power Supply 
e Power Switching Circuits 


e General Purpose 


Description 


RUR1570, RUR1580, RUR1590, RUR15100 are ultrafast 
diodes with soft recovery characteristics (tr; < 10Ons). 
They have a low forward voltage drop and are 
silicon nitride passivated, ion-implanted, epitaxial 
construction. 


These devices are intended for use as flywheel/clamping 
diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery 
shoratteristing minimizae rinnina and electrical noise in 
many power switching circuits thus reducing power loss in 
the switching transistor. | 


All are supplied in TO-220AC packages. 


Absolute Maximum Ratings (Tc = +25°C) 


RUR1570 


TOOV 

700V 

700V 
15A 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 
Average Rectified Forward Current 
(To = +141.259C) 
Peak Forward Repetitive Current 
(Square wave 20kHZ) 
Nonrepetitive Peak Surge Current 
(Surge applied at rated load 
condition halfwave 1 phase 60Hz) 
Maximum Power Dissipation 
Operating and Storage Temperature 


30A 


200A 


_ 100W 
~65°C to +1 


Copyright © Harris Corporation 1991 


RUR1570/1580, 


RUR1590/15100 


15A Ultrafast Diode 
With Soft Recovery Characteristic 


Package 


TO-220AC 
TOP VIEW 


a ANODE 
|_| 
p> ~CATHODE 


CATHODE 
(FLANGE) 


Ee 


Symbol 


RUR15100 
1000V 
1000V 
1000V 

15A 


* RUR1590 
900V 
900V 
900V 

15A 


RUR1580 
800V 
800V 
800V 

15A 


30A SOA 30A 


200A 200A 200A 


RECTIFIERS 


100W 100W 100W 
75°0C -65°9Cto+1759C -65°9Cto+1759C -65°9C to +175°9C 


File Number 2878 
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Specifications RUR1570, RUR1580, RUR1590, RUR15100 


LIMITS 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 
TEST 


CONDITION 
VE Ip = 15A 
To = +150°C 
| To= 42 
To = +259C 
IR @ VR = 700V 
To = +1509C Vp = 800V 
VR = 900V 
| Vr = 1000V 
IR @ VR = 700V 
To = +259C Vp = 800V 
| VR = 900V 
VR = 1000V 


tre” =1A 
| IF =15A 
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RUR15100 
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Definitions 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). th = Time from peak Ippy to projected zero crossing of IRj»q based ona 
IR = Instantaneous reverse current (pw = 300us, D = 2%). straight line from peak Ippy through 25% of Ippy. (See Figure 2) 
try = Reverse recovery time at dig/dt = 100A/ps, Nic” netmalresistance iunciionte case: 

summation of tg + tp. Way| = Controlled avalanche energy (See Figures 7 & 8). 
ta = Time to reach peak reverse current at die/dt = 100A/ps pw = pulse width. 


(See Figure 2). D = duty cycle. 


ty > 5 ta (max) 
12 > ter 


F tg >0 
Vy amplitude controls Ir 3 : V, 
Vo amplitude controls di/dt A. @ talmin) sa aa 
L, = self inductance of Rq R4 10 


FIGURE 1. trp TEST CIRCUIT FIGURE 2. DEFINITIONS OF try, ta AND th 
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RUR1570, RUR1580, RUR1590, RUR15700 


NO, 
A 


SdXU - C31) INSYYND CYBAYOS 


"FORWARD VOLTAGE (Ve) - VOLTS 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD. 


2 REVERSE VOLTAGE Wp) . voLTs 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 


su - (3) SHIL 


140 150 16U 


CASE TEMPERATURE - (Tc) - 


130 


Cc 


FORWARD CURRENT (If) - AMPS 


FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


FIGURE 5. TYPICAL ty;, tg AND th CURVES vs FORWARD 


CURRENT 


Q1 


DUT 


SYUIISILIIY 
LSW4-VYLIN 


CURRENT 
SENSE 


12V 


FIGURE 8. AVALANCHE CURRENT & VOLTAGE WAVEFORM 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


(1/2) LI2[Vayi/(Vavi-Vda)] 


Q1 and Q2 are 1000V MOSFETs 


40mH, R < 0.12, Way 


l,peak = 1A, L 
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+} HARRIS 


RUR3010 
RUR3015 
RUR3020 
30A Ultrafast Diode With 


May 1991 Soft Recovery Characteristic 

Features Package | 

; | TO-220AC 
e Ultrafast with Soft Recovery Characteristic TOP VIEW 

(trr < 45ns) 
e +175°C Rated Junction Temperature 
. CATHODE 

e Reverse Voltage Up to 200V (FLANGE) 


e Avalanche Energy Rated 


Applications 


¢ Switching Power Supply Symbol 


¢ Power Switching Circuits 


e General Purpose 


Description 


RUR3010, RUR3015, RUR3O20 are ultrafast diodes 
(try < 45ns) with soft recovery characteristics (ta/tp ~ 1). 
They have a low forward voltage drop and are of planar, 
silicon nitride passivated, ion-implanted, epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


All are supplied in TO-220AC packages. 


Absolute Maximum Ratings (Tc = +25°C) 


RUR3010 


Peak Repetitive Reverse Voltage. ...... ccc cece cece cece ces eennes VRRM 100V 
Working Peak Reverse Voltage ......... ce ceeceeeeeteeceeerees VRWM 100V 
DG Blocking Voltages oid. ree dibe ses ba elctads ve Sie a doae oi eine VR 100V 
Average Rectified Forward Current ........ccccccceeccccccesceres IF(AV) 30A 
(Total device forward current at rated 
VR and Tc = 150°C) 
Peak Forward Repetitive Current .........c ccc cece eee cece eee eeees IFRM 7OA 
(Rated Vp, Square wave 20KHz) | 
Nonrepetitive Peak Surge Current .........cccec ce cecnnceerceneves IFSM 
(Surge Applied at rated load 
condition halfwave 1phase 60Hz) 


325A 


Operating and Storage Temperature .......ccccceecccecccosacs TsTq@ Ty -55°C to +1759C 
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RUR3015 


150V 
150V 
150V 
30A 


70A 


325A 


RUR3020 


200V 

200V 

200V 
30A 


TOA 


325A 


-§59C to+1759C -55°9C to +1759C 


2777.2 


File Number 


RUR30170, RUR3015, RUR3020 


Electrical Characteristics (Tc = +25°9C) Unless Otherwise Specified. 


+ 


Vv 


To= +150°C [Ve = a50v 


“J 


Definitions 
Ve = Instantaneous forward voltage (pw = 300ys, D = 2%). 
IR = Instantaneous reverse current (pw = 300us, D = 2%). 


try = Reverse recovery time at di¢/dt = 100A/ys (See Figure 2), 
summation of tg + tp. 


ta = Time to reach peak reverse current at dig/dt = 100A/ys 


RUR3015 LIMITS RUR3020 LIMITS 


RUR3010 LIMIT 

TEST : me 
SYMBOL | CONDITION Y 

VF 


1.00 


oO 


a 


— oi 
io) 


[eo] 


nN 


Uv 


Y 


E 


1.00 


Vv 
ie) 
oO 
= 
: 


ine) 
bt 


NJ 
ba | 


Oo 


ine) 
os 
ine) 


— oi io) 
(o>) 
io) 


th = Time from peak Ipny to projected zero crossing of IRjq4 based ona 
straight line from peak Ipnjy through 25% of Ipag. (See Figure 2) 


R@jc = Thermal resistance junction to case. 
Way! = Controlled avalanche energy (See Figures 7 & 8). 
pw = pulse width. 


(See Figure 2). D = duty cycle. 


VRM (REC) — —- —# 


ty > 5 tg (max) 

to > ter 

tg >0 ; 
Ly < ta (min) 
R4 10 


V1 amplitude controls Ir 
Va amplitude controls di/dt 
L4 = Self inductance of Rq 


FIGURE 1. t;p TEST CIRCUIT FIGURE 2. DEFINITIONS OF try, ta AND tp 
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RECTIFIERS 


RUR3010, RUR3015, RUR3O20 © 
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FIGURE 5. TYPICAL try, ta, ty vs FORWARD CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


I_peak = 1A, L = 40mH, R < 0.12, Way! = (1/2) LI2[Vayi/(Vavi-Vda)] 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
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CASE TEMPERATURE 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 
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a HARRIS 


May 1991 


Features 


e Ultrafast with Soft Recovery Characteristic 
(trr < 55ns) 


e +175°C Rated Junction Temperature 
e Reverse Voltage Up to 600V 
e Avalanche Energy Rated 


Applications 


¢ Switching Power Supply 
e Power Switching Circuits 


e General Purpose 


Description 


RUR3040, RUR3O50, RURSO6GO are ultrafast diodes 
(trp < 55ns) with soft recovery characteristics (ta/tp ~ 1). 
They have a low forward voltage drop and are of planar, 
silicon nitride passivated, ion-implanted, epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 


Their low stored charge and ultrafast recovery with soft. 


recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


All are supplied in TO-220AC packages. 


Absolute Maximum Ratings (Tc = +25°C) 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(Total device forward current at rated 
VR and Tc = 150°C) 

Peak Forward Repetitive Current 
(Rated Vp, square wave 20KHz) 

Nonrepetitive Peak Surge Current 

(Surge Applied at rated load 

condition halfwave 1phase 60Hz) 

Operating and Storage Temperature 


Copyright © Harris Corporation 1991 


RUR3040 
RUR3050 
RUR3060 


30A Ultrafast Diode With 
Soft Recovery Characteristic 


Package 
TO-220AC 
TOP VIEW 
CATHODE | 
i ————— 
(FLANGE) nae 


B 
es ~CATHODE 


EE" nes | eee 


symbol 


RUR3O60 


600V 

400V 500V 600V 

400V 500V 600V 
30A , 30A 30A 


RUR3050 
SO0V 


RUR3040 
400V 


RECTIFIERS 


TOA TOA TOA 


325A 325A 


325A 


-559C to+175°C -559C to +1759C -55°9C to +175°9C 


2776.1 


File Number 
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RUR3040, RUR3050, RUR3060 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 


i rest ee ae 


VE —Ip=30A 
To = +150°C 

l= = 30A 

ae ‘aoe 


pA 

pA 

pA 
ns 
| ns 
pas 
Definitions 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). th = Time from peak Ippy to projected zero crossing of IRpy based ona 
straight line from peak Ippy through 25% of Ipaq. (See Figure 2) 


R@jc = Thermal resistance junction to case. 


Ig = Instantaneous reverse current (pw = 300us, D = 2%). 
try = Reverse recovery time at dig¢/dt = 100A/ys (See Figure 2), 


summation of tg + tp. Way = Controlled avalanche energy (See Figures 7 & 8). 
ta = Time to reach peak reverse current at dig/dt = 100A/yus pw = pulse width. 
(See Figure 2). D = duty cycle. 


V Vam (REC) — — —% 
to > trp 
V4 amplitude controls Ir Ig > 0 
V2 amplitude controls di/dt Li < fa (min) 
L1 = self inductance of R4 R4 10 
FIGURE 1. typ TEST CIRCUIT FIGURE 2. DEFINITIONS OF ty;, tg AND tp | 
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RUR3040, RUR3050, RUR3060 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
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FIGURE 8. CURRENT VOLTAGE WAVEFORM 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


40mH, R < 0.19, Way = (1/2) LI2[Vayi/(Vavi-Vda)] 


lLpeak = 1A,L 
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™ HARRIS RUR3070/3080, 
RUR3090/30100 


30A Ultrafast Diode 


May 1992 With Soft Recovery Characteristic 
Features Package 
ae | TO-220AC 
e Ultrafast with Soft Recovery Characteristic TOP VIEW 


(trr < 110ns) 
e +175°9C Rated Junction Temperature 
e Reverse Voltage Up to 1000V 


CATHODE — | 
=! 
e Avalanche Energy Rated (FLANGE) = mANOOr 
e Planar Construction L. _— CATHODE 
Applications 
¢ Switching Power Supply 
¢ Power Switching Circuits | Symbol 
e General Purpose _ | 
Description 
RUR3070, RUR3080, RUR3090, RUR30100 are ultrafast 
diodes with soft recovery characteristics (tr; < 110ns). 
They have a low forward voltage drop and are 
silicon nitride passivated, ion-implanted, epitaxial 
construction. 
These devices are intended for use as flywheel/clamping A 
diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery 
characteristics minimizes ringing and electrical noise in 
many power switching circuits thus reducing power loss in 
the switching transistor. 
All are supplied in TO-220AC packages. 
Absolute Maximum Ratings (Tc = +259C) | 
| RUR3070 RUR30O80 RUR3O90 RUR30100 
Peak Repetitive Reverse Voltage............... VRRM 7O00V 800V S00V 1000V 
Working Peak Reverse Voltage ............00. VRWM 7O0OV 800V 900V 1000V 
DC Blocking Voltage ........ einen ares nes ehulas VR 7O00V 800V 900V 1000V 
Average Rectified Forward Current ............ IF(AV) 30A 30A SOA 30A 
(To = +1219C) 
Peak Forward Repetitive Current ............00. IFRM 60A 60A 60A 60A 
(Square wave 20kHZ) | 
Nonrepetitive Peak Surge Current .............. IFSM 300A. 300A 300A ~ 800A 
(Surge applied at rated load 
condition halfwave 1 phase 60Hz) 
Maximum Power Dissipation ........cccccccescees Pp 125W T25W T25W T25W 
Operating and Storage Temperature ........ TsTa, Ty -65°9C to+1759°C ~ -65°Cto+1759C ~-65°Cto+1759C -659C to+1759C 
Copyright © Harris Corporation 1992 File Number 2877.1 
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Specifications RUR3070, RUR3080, RUR3090, RUR30100 


Electrical Characteristics (TG = +25°9C) Unless Otherwise Specified. 


LIMITS 


IF = 30A 
To = +150°9C 


VR = 900V 
VR = 1000V 


IR @ 
To = +259C 


Definitions 


Ve = Instantaneous forward voltage (pw = 300ys, D = 2%). th = Time from peak Ipyy to projected zero crossing of Ipyy based ona 


In = Instantaneous reverse current (pw = 300s, D = 2%). straight line from peak Imi through 25% of IRiy. (See Figure 2) 


try = Reverse recovery time at di/dt = 100A/ps, Rigic— Thermalsesisiance junction: to case: 


summation of ta + th. | Way = Controlled avalanche energy (See Figures 7 & 8). 
ta = Time to reach peak reverse current at di¢/dt = 100A/ys pw = pulse width. 
(See Figure 2). D = duty cycle.’ 


_ ULTRA-FAST 
RECTIFIERS 


ty > 5 tg (max) 


, tg >0 
Vz amplitude controls Ir 3 ; V estas 3 
V2 amplitude controls di/dt 1 < fa (min) a 
L, = self inductance of Rg . R4 10 
FIGURE 1. tp, TEST CIRCUIT FIGURE 2. DEFINITIONS OF try, tg AND th 
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RUR3070, RUR3080, RUR3090, RUR30100 
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40mH, R < 0.12, Way 


Lid 
zx 0) 
5 
Ow 


DUT 


ILpeak = 1A, L 


CURRENT 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


FIGURE 5. TYPICAL try, tg AND tp CURVES vs FORWARD 


an RURD810 
ay HARRIS - RURD815 


RURD8&20 
Dual 8A High-Speed, High-Efficiency 


August 1991 | Epitaxial Silicon Rectifiers 
Features Package 
TO-220AB 
e Ultrafast Recovery Time TOP VIEW 


(trr < 35ns) 


e Low Forward Voltage 
CATHODE cae 


¢ Low Thermal Resistance (FLANGE) — ce 
eee 

e Planar Design | __———————— ANODE 2 

e Wire-Bonded Construction 

Applications 

e Generai Purpose Symbol 

e Power Switching Circuits to 100kHz 

e Full-Wave Rectification 
K 


Description 


The RURD810, RURD815, RURD820 are low forward 
voltage drop ultrafast rectifiers (tr; < 35ns). They use a 
glass passivated ion-implanted, epitaxial construction. 


These devices are intended for use as output rectifiers and 

flywheel diodies in a variety of high frequency pulse width 

modulated and switching regulators. Their low stored A, Ay 
charge and attendant fast reverse recovery behavior 

minimize electrical noise generation and in many circuits 

markedly reduce the turn-on dissipation of the associated 

power switching transistors. 


All are supplied in TO-220AB plastic packages. 


Absolute Maximum Ratings (Tc = +25°9C) 


RURD810 RURD815 RURD820 

Peak Repetitive Reverse Voltage. ...... cece cece cece cece een eenenes VRRM 100V 150V 200V 

Average Rectified Forward Current — 
TA = 25°C (No Heat SINK). s2.nsues Seweseadieeaasesietneaeainlenes lF(AV) SA SA SA < 
TA = 25°C (With Heat Sink) iis secrawechwshtace ewe daesewent IF(AV) 8A 8A BA Ti 
V1 250C cate bas va dnks wis a aiaienaataawe seg awl ve lF(AV) BA 8A 8A oe 

Nonrepetitive Peak Surge Current ........ cece cece ccc cn cer ecnncees lIFSM 100A 100A 100A ae bt 
(8.3ms, ¥2 cycle) S 

Operating and Storage Temperature ....... ccc cece cece nee nuee TsT@ Ty 55°C to+1759C -559Cto+1759C -55°9C to +1759C 

Maximum Lead Temperature During Solder... .......cceccceeccecncencs Th 2609C 260°C 260°C 
(At distance > Ye” (3.17mm) from case or 10s max) 

*Wakefield type 295 heat sink with convection cooling. 

Copyright © Harris Corporation 1991 File Number 1356.2 
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Specifications RURD&810, RURD8 75, RURD&20 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 


LIMITS 
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FIGURE 1. PEAK SURGE FORWARD CURRENT FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH 
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MUR1610CT RUR1610CT 

a HARRIS MUR1615CT RUR1615CT 
MUR1620CT RUR1620CT 

Dual 8A High-Speed, High-Efficiency 


August 1991 Epitaxial Silicon Rectifiers 
Features Package 
e Ultrafast Recovery Time Late 


(trr < 35ns) 
e Low Forward Voltage 


© Low Thermal Resistance os tees aa 


e Hard Glass Passivation | ny ANODE 2 
e Wire-Bonded Construction 


Applications 


e Generai Furpose 


e Power Switching Circuits to 100kHz Symbol 


® Full-Wave Rectification 


Description 


The MUR1610CT, MUR1615CT, MUR1620CT, 
RUR1610CT, RUR1615CT, RUR1620CT are low forward 
voltage drop ultrafast rectifiers (tr; < 35ns). They use a 
glass passivated ion-implanted, epitaxial construction. 


These devices are intended for use as output rectifiers and 

flywheel diodies in a variety of high frequency pulse width A, Ay 
modulated and switching regulators. Their low stored 

charge and attendant fast reverse recovery behavior 

minimize electrical noise generation and in many circuits 

markedly reduce the turn-on dissipation of the associated 

power switching transistors. 


All are supplied in TO-220AB plastic packages. 


Absolute Maximum Ratings (Tc = +25°9C) 


MUR1610CT MUR1615CT MUR1620CT 


RUR1610CT RUR1615CT RUR1620CT 
Peak Repetitive Reverse Voltage... ..... ccc cee en ccc neeeecnceeenee VRRM 100V 150V 200V 
Working Peak Reverse Voltage ............ cence eee cnecccccecace VRWM 100V 150V 200V 
DGC. BIOCKING VOMAGC resco: cc cds 5 bes SS setae ees waar deeU awd oe ee Kees 5 VR 100V 150V 200V 
Average Rectified Forward Current (Per Leg) ....... ccc cee ee ee eee IF(AV) 8A 8A BA on 
(Total device, (Rated Vp), To = 1509C... cece cece reece e nee renees 16A 16A 16A cc 
Peak Forward Repetitive Current (Per Diode Leg) ................005 lIFRM 16A 16A 16A i 
(Rated Vp, Square Wave, 20kHZ), Tc = 150°C 5 
Nonrepetitive Peak Surge Current ...... ccc see ce sere reece ee nenees lIFSM 100A 100A 100A Lu 
: cc 
(Surge applied at rated load 
condition halfwave, single phase, 60Hz) 
Operating and Storage Temperature ........ ccc ccc c cee eevues . Tgta, Ty -65°C to+175°C -65°C to+1759C -659C to +175°C 
Maximum Lead Temperature During Soldering ...........cceeeececeees TL 260°C 260°C 260°C 
(At distance > Ys” (3.17mm) from case for 10s max) 
Copyright © Harris Corporation 1991 | File Number 1885.1 
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MUR1670CT, MURT615CT, MUR1620CT RURI610CT, RURI615CT, RUR1I620CT 


Electrical Characteristics (Tc = +250C) Unless Otherwise Specified. 


Ve - Ip=8A 
To = +150°C 
Ip =8A 
To = +25°C 


LIMITS 


*dig/dt=S50A/us = ** In =1.0A, IREG = 0.25A. _ 
MUR1610CT, MUR1615CT, RUR1610CT, RUR1615CT 


a ee : : 
; | T * The curves shown are typical for the highest voltage 
100 Sees ROT Pees ERS SE | ae aes device in the voltage grouping. Typical reverse current 
4 ——_}+—— 1.0K |__| for tower voltage selections can be estimated from 
n ae aa es aes 400 [-—-_}———F these same curves if Vp is sufficiently below rated Vp. 
50 et ee pf ot |e 200 es Rea ee 
eile ee eas ee ea oe = 
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E 70 ral Fae Sean ae ‘he 
ia a en ae Le Nes oe ae 
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FIGURE 1. TYPICAL FORWARD VOLTAGE (PER LEG) FIGURE 3. CURRENT DERATING CASE (PER LEG) 
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MUR1610CT, MUR1615CT, MUR1T620CT RUR1670CT, RUR16175CT, RUR1620CT 


MUR1610CT, MUR1615CT, RUR1610CT, RUR1615CT (CONTINUED) 
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MUR1620CT, RUR1620CT 
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for lower voltage selections can be estimated from 
these curves if Vp is sufficiently below rated Vp. 
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ULTRA-FAST 


RECTIFIERS 


MUR1670CT, MUR1615CT, MUR1620CT RUR1610CT, RUR1615CT, RUR1620CT 


MUR1620CT, RUR1620CT (CONTINUED) 
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wm MUR3010PT RURD1510 
ay HARRIS MUR3010PT RURD1515 


MUR3O020PT RURD1520 
| 15A Ultrafast Dual Diode 


May 1991 With Soft Recovery Characteristic 
Features Package 
TO-218AC 
e Ultrafast with Soft Recovery Characteristic TOP VIEW 


(trr < 30ns) 
® +175°C Rated Junction Temperature 


e Reverse Voltage Up to 200V 


e Avalanche Energy Rated 


Applications 


© Switching Power Supply 
Symbol 


e Power Switching Circuits 


¢ General Purpose K 


Description 


MUR3010PT, MUR3010PT, MUR3020PT and RURD1510, 

RURD1515, RURD1520 are ultrafast dual diodes 

(tr- < 30ns) with soft recovery characteristics (ta/tp ~ 1). 

They have a low forward voltage drop and are of planar, A A 
silicon nitride passivated, ion-implanted, epitaxial 1 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. : | 


All are supplied in TO-218AC packages. 


Absolute Maximum Ratings (Tc = +25°C) 


MUR3010PT MUR3010PT MUR3O20PT 


RURD1510 RURD1515 RURD1520 
Peak Repetitive Reverse Voltage... .. cc cc eee c cece cece ene enceeee VRRM 100V 150V 200V | 
Working Peak Reverse Voltage ........cccseescccceeeetcesaeeees VRwm 100V 150V 200V 2g 
DC BIOCKING VONAGS incase vussnasetns veaeennuaeediaee eenteautecee VR 100V 150V 200V = 
Average Rectified Forward Current ....... ccc cec cece ccececeees IF(AV) 15A 15A 15A i 
(Total device forward current at rated hs] 
VR and To = 1509C) ain 
Peak Forward Repetitive Current .......... ccc ec cc cncccccccnccene IFRM 30A 30A. 30A 
(Rated Vp, square wave 20kKHZ) j 
Nonrepetitive Peak Surge Current ...........ccccecceccccececcceee IFSM 200A 200A 200A 
(Surge applied at rated load 
condition halfwave 1phase 60Hz) 
Operating and Storage Temperature .........0ceeeecccceeneees TsTG@: Ty -55°Cto+1759°C -559Cto+175°C -559C to +1759C 
Copyright © Harris Corporation 1992 File Number 2775.2 
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MUR3010PT, MUR3015PT, MUR3020PT RURD1510, RURD1575, RURD1520 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified. 


| LIMITS 
SYMBOL CONDITION TYP | MAX | TYP | MAX | UNITS 
= ade at 


1.05 


F 
IF =15A 
To = +259C 
IR @ . VR = 100V 
VR = 200V 


IR @ VR = 100V 


(oe) 


a" 
on 


| 500 ee 

al a) 

Ee [500 | 

pe 

cee te 

Vp = 200V ei 

tr Jietelea, 20 

‘oe eal 

FSA Eee oe 

i 0 Ca 

ae 

| 20 | 20 | 20 

Definitions . | 

Ve = Instantaneous forward voltage (pw = 300us, D = 2%). th = Time from peak IRnw to projected zero crossing of Ipny based ona 


Ig = Instantaneous reverse current (pw = 300us, D = 2%). straight line from peak Ipy through 25% of Ippy. (See Figure 2) 


try = Reverse recovery time at dig/dt = 100A/ps (See Figure 2), Rejc = Thermal resistance junction to case. 


summation of ta + tp. Way! = Controlled avalanche energy (See Figures 7 & 8). 
tg = Time to reach peak reverse current at dle/dt = 100A/ps pw = pulse width. 
(See Figure 2). D = duty cycle. 


|i 
yt 
me 
ty > 5 ty (max) Vv WWJ 
Vv ie nu (nec) —— 
Vz amplitude controls Ir Is 29 : 
Vp amplitude controls di/dt Fw ee ae Wal 
L; = self inductance of R4 R4 10 


FIGURE 1. t,, TEST CIRCUIT FIGURE 2. DEFINITIONS OF try, tg AND tp 
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RURD15710, RURD1515, RURD1520 


_ MUR3010PT, MUR3015PT, MUR3020PT 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 


CHARACTERISTIC 


CHARACTERISTIC 


(su) 9} * By 444} 


155 160 165 170 175 
CASE TEMPERATURE, Tg (°C) 


150 


IF (A) 
FIGURE 5. TYPICAL try, ta, ty vs FORWARD CURRENT 


FIGURE 6. TYPICAL CURRENT DERATING CURVE w.r.t. 


CASE TEMPERATURE 


SYd1d1L94Y 


LSV4-VH1TN 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


(1/2) LI2[Vayi/(Vavi-Vda)] 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


40mH, R < 0.12, Wayt 


I) peak = 1A,L 
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An |. MUR3040PT RURD1540 
aw HARRIS MUR3050PT RURD1550 


MUR3060PT RURD1560 
15A Ultrafast Dual Diode 


May 1992 — : | With Soft Recovery Characteristic 
Features” | Package 
. | | | TO-218AC 
© Ultrafast with Soft Recovery Characteristic TOP VIEW 


(trr < 55ns) 
° +1 75°C Rated Junction Temperature 


e Reverse Voltage Up to 600V 


¢ Avalanche Energy Rated 


Applications 
¢ Switching Power Supply 
Symbol 


e Power Switching Circuits 


¢ General Purpose 


Description 


MUR3040PT, MURSOS50PT, MURSO60PT and RURD1540, 
RURD1550, RURD1560 are ultrafast dual diodes 
(tr; < S5ns) with soft recovery characteristics (ta/tp ~ 1). 
They have a low forward voltage drop and are of planar, 
silicon nitride passivated, ion-implanted, epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


All are supplied in TO-218AC packages. 


Absolute Maximum Ratings (To = +250C) 


MUR3040PT MURSOSOPT MURSO6OPT 


. 7 . . RURD1540 RURD1550 RURD1560 
Peak Repetitive Reverse Voltage... ... cc cece ence cece cc cee ne ceene VRRM 400V SO00V 600V 
Working Peak Reverse Voltage ......cccccc cee cec ee nccccencencee: VRWM 400V . SOOV 600V 
DC Blocking VONAGC : .i50 inieudsaesus ddiwinnsneneeessaweeem nw pewiiuss's VR 400V 500V 600V 
Average Rectified Forward Current ........ cc csc eee cece ceneccesce IF(AV) 15A 15A 15A 

(Total device forward current at rated 

VR and Tc = 150°C) 

Peak Forward Repetitive Current ........ cc ccc cece cre cccecsncceeee IFRM 30A SOA 30A 

(Rated Vr, square wave 20kHz) 

Nonrepetitive Peak Surge Current ........ccceccccccccccescencsees lIFSM 200A 200A 200A 

(Surge applied at rated load . 
condition halfwave 1 phase 60Hz) 

Operating and Storage Temperature ..........ccceccereceeeees TsTa@ Ty ~55°C to+1759C -55°Cto+1759C -559C to +1759C 
Copyright © Harris Corporation 1991 File Number 2774.1 
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MUR3040PT, MUR3050PT, MUR3O60PT, RURD1540, RURD1550, RURD1560 


Electrical Characteristics (Tc = +25°9C) Unless Otherwise Specified. 


TEST 


SYMBOL CONDITION 
VF IF =15A 
To =+1500C 
Ip = 15A 
To = +259C 


IR@ VR = 400V 
To = +1509C Vp = 500V 
VR = 600V 
IR@ VR = 400V 
Tg = +259C Vp = 500V 
VR =600V | 
ip=1A 
IF=15A 
=1A 
Ip =15A 
=1A 
IF=15A 


ods 
s 
“ 


je) 


Lana - 
= 


ROjc 


see Fig. 7&8 


Definitions 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current (pw = 300us, D = 2%). 


try = Reverse recovery time at die/dt = 100A/ys (See Figure 2), 
summation of tg + tp. 

ta = Time to reach peak reverse current at dig/dt = 100A/us 
(See Figure 2). 


V1 amplitude controls ir o7,0 
Vz amplitude controls di/dt uals 
L; = self inductance of Rq_ R4 


FIGURE 1. trp TEST CIRCUIT 


LIMITS 
MUR3040PT, RURD1540 | MUR3O50PT, RURD1550 | MUR3O60PT, RURD1560 


1.20 


= 
o] 


oe) 
oO 


ok 


ié>) 
Oo 


~J] 


_ 
oi 
—_ 
a 


ee Pyle PPP 


ty = Time from peak Imyy to projected zero crossing of Imjq based ona 
straight line from peak Ipjy through 25% of Inj. (See Figure 2) 


R@jc = Thermal resistance junction to case. 

Way = Controlled avalanche energy (See Figures 7 & 8). 
pw = pulse width. 

D = duty cycle. 


VRM (REC) — — — wf 


< tg (min) 
10 


FIGURE 2. DEFINITIONS OF try, ta AND tp 
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RECTIFIERS 


MURS3O40PT, MUR3050PT, MURSO60PT, RURD1540, RURD1550, RURD1560. 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 3 CHARACTERISTIC 
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CASE TEMPERATURE, Te (°C) 


FIGURE 5. TYPICAL t-;, ta, tp vs FORWARD CURRENT FIGURE 6. TYPICAL CURRENT DERATING CURVE w.r.t. 
CASE TEMPERATURE 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT ~ FIGURE 8. CURRENT VOLTAGE WAVEFORM _ 


ILpeak = 1A, L = 40mH, R < 0.12, Way = (1/2) LI@[Vayi/(Vavir-Vdd)] 
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it HARRIS 


August 1991 


Features 


RURD1610 

RURD1615 

RURD1620 

Dual 16A High-Speed, High-Efficiency 
Epitaxial Silicon Rectifiers 


Package 


° Ultrafast Recovery Time 
(trr < 35ns) 


e Low Forward Voltage 
e Low Thermal Resistance 
e Planar Design 


e Wire-Bonded Construction 


Applications 


© General Purpose 


e Power Switching Circuits to 100kHz Symbol 


° Full-Wave Rectification 


Description 


The RURD1610, RURD1615, RURD1620 are low forward 
voltage drop ultrafast rectifiers (tr; < 35ns). They use an 
ion-implanted planar epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodies in a variety of high frequency pulse width 
modulated and switching regulators. Their low stored 
Charge and attendant fast reverse recovery behavior 
minimize electrical noise generation and in many circuits 
markedly reduce the turn-on dissipation of the associated 
power switching transistors. 


All are supplied in TO-204AA hermetic packages. 


TO-204AA 
BOTTOM VIEW 


CATHODE 


ANODE 1 J (FLANGE) 


ANODE 2 


Absolute Maximum Ratings (Tc = +25°C) 


RURD1610 
100V 


Peak Repetitive Reverse Voltage. ....... cece cece cece ere ncceees VRRM 
Average Rectified Forward Current 
TA = 25°C (NO Heat SINK). cock escgns tis teas Kedwiew een veaaiieae IF(AV) 
TA = 25°C (With Heat SINK)" 6 cvcuv scr enpoes Wedesatasasee edocs IF(AV) 
NOH Ve00G  eiatinne vas ceaaira tiara we caw Ree ean ee ean alee IF(AV) 
Nonrepetitive Peak Surge Current ....... 0... cece cece eee eee lFSM 
(8.3ms, 2 cycle) 
Thermal Resistance Junction-to-Case ........ cece cece cece eeenes ROC 
Thermal Resistance Junction-to-Case (Total) .........ccceceeeeee .«ROJC 
Thermal Resistance Junction-to-Ambient ........0.ceceeersceeeees ROgA 
Operating and Storage Temperature ......... cece eeeeceeeeers TsT@ Ty 
Maximum Lead Temperature During Solder ..........cceeceeeeececceee Th 
(At distance > Ya” (3.17mm) from case or 10s max) 


-559C 


*Wakefield type 621 heat sink with convection cooling. 


Copyright © Harris Corporation 1991 
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275A 
1.50C/W 
1.29C/W 
30°C/W 


260°C 


RURD1620 
200V 


RURD1615 
150V 


6A 6A 6A 
16A 16A 16A 
16A 16A 16A 
275A 275A 


1.50C/W 
1.29C/W 
30°C/W 
-559C to +150°C 
2609G 


1.59C/W 
1.29C/W 
30°C/W 
-559C to +1509C 
260°C 


to +150°9C 


1383.1 


File Number 


RECTIFIERS 


Specifications RURD1610, RURD16715, RURD1620 


Electrical Characteristics (Tc = +25°9C) Unless Otherwise Specified. 


LIMITS 
TEST RURD1610 RURD1615 RURD1620 
SYMBOL CONDITION 

I-F=16A 

Tc = +150°C 

l= =16A 

To = +25°C 
IR 2 Vr = 100V 

VR = 200V 


IR @ VR = 100V 
= ie) 
VR = 200V 


hehe EPEL Ta 
ee EE EEL is 
Vv 


RECT 
= ee ae 


t gael 
7) 
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=z 
< 
—_ 
= 
77) 
u 
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ie ICCC 
2 2 4 6 8000 


0 
NUMBER OF CYCLES AT 6GOHz SINE-WAVE , PULSE WIDTH eal be 
FIGURE 1. PEAK SURGE FORWARD CURRENT _ FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH 
vs SURGE DURATION (PER JUNCTION) 
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0.2 0.4 0.6 1.0 1.2 1.4 
FORWARD VOLTAGE DROP (V) 
FIGURE 3. TYPICAL FORWARD CURRENT FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


vs FORWARD VOLTAGE DROP 


0.8 REVERSE VOLTAGE (V) 
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M HARRIS 


RURD3010 
RURD30O15 
RURD3020 
30A Ultrafast Dual Diode 


May 1991 With Soft Recovery Characteristic 
Features Package 
| TO-218AC 
e Ultrafast with Soft Recovery Characteristic TOP VIEW 


(trr < 45ns) 
e +175°C Rated Junction Temperature 
e Reverse Voltage Up to 200V 
e Avalanche Energy Rated 


Applications 


© Switching Power Supply 


e Power Switching Circuits 


Symbol 
e General Purpose 
Description K 
RURD3010, RURD3015, RURD30O20 are ultrafast dual 
diodes (try < 45ns) with soft recovery characteristics 
(ta/th ~ 1). They have a low forward voltage drop and are 
of planar, silicon nitride passivated, ion-implanted, epitaxial 
construction. 
These devices are intended for use as energy steering/ A A 
clamping diodes and rectifiers in a variety of switching 1 2 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery Characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 
All are supplied in TO-218AC packages. 
Absolute Maximum Ratings (Tc = +25°C) 
RURD3010 RURD3015 RURD3040 
Peak Repetitive Reverse Voltage... ..... ccc cecnccccccccsccesccece VRRM 100V 150V 200V 
Working Peak Reverse Voltage ....... ccc cece cece crea er eeceanne VRWM 100V 150V 200V in 
DG BIOGKING VONAGC swiss eciclecin ee cee bas ees sehen hie de oaes aeiwaries VR 100V 150V 200V cc 
Average Rectified Forward Current ........ ccc ceceeseecceeeeeeees IF(AV) 30A 30A 30A ra 
(Total device forward current at rated Lr 

Vp and To = 150°C) oc 

Peak Forward Repetitive Current ..........ccececccnecccscscacrece lIFRM 7OA 70A 70A 
(Rated Vp, square wave 20kHz) 

Nonrepetitive Peak Surge Current .........cccse ec eencncceveeccses lFSM 325A 325A 325A 
(Surge Applied at rated load 
condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ......... ccc csc cnccccceces TsTa@, Ty -55°C to+1759C -55°C to+1759C -55°C to +1759C 


Copyright © Harris Corporation 1991 
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File Number 2773.1 


RURD3070, RURD3015, RURD3020 


Electrical Characteristics At Case Temperature (Tg = +25°C) Unless Otherwise Specified. 


ee RURD3010 LIMITS RURD3O15 LIMITS } RURD3O20LIMITS | 
VF 


IF=30A | 
Tg = +1500C 
Ip =30A 1.00 


.o) 
oO 


oO 


ah 


N 


ah 


= 
NO 


ALPERT ETE | 


Definitions 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). th = Time from peak Ipny to projected zero crossing of IRpq based on a 


tr; = Reverse recovery time at di¢/dt = 100A/ps (See Figure 2), R@jc = Thermal resistance junction to case. 


summation of ta + th. Way| = Controlled avalanche energy (See Figures 7 & 8). 


tg = Time to reach peak reverse current at die/dt = 100A/ys pw = pulse width. 


(See Figure 2). D = duty cycle. 


V1 amplitude controls Ip 
Vo amplitude controls di/dt 
L, = self inductance of Rg 


FIGURE 1. t,, TEST CIRCUIT FIGURE 2. DEFINITIONS OF try, ta AND th 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 


trr; ta ‘. tb (ns) 


RURD3010, RURD3015, RURD3020 


SE ae 


\ 
\ 


| ETD 
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CHARACTERISTIC 
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FIGURE 5. TYPICAL try, ta, th Vs FORWARD CURRENT 


CURRENT 
SENSE 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


AVERAGE CURRENT, ! Fay (A) 


REVERSE VOLTAGE (V) 


FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 


CHARACTERISTIC 
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CASE TEMPERATURE, Tg (°C) 
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FIGURE 6. TYPICAL CURRENT DERATING CURVE w.r.t. 
CASE TEMPERATURE 


FIGURE 8 CURRENT VOLTAGE WAVEFORM 


ILpeak = 1A, L = 40mH, R < 0.129, Way = (1/2) LI2[(Vayi/(Vavi-Vad)] 
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ULTRA-FAST 


RECTIFIERS 


| HARRIS 


May 1991 


Features 


_© Ultrafast with Soft Recovery Characteristic 
(trr < 55ns) 


© +175°9C Rated Junction Temperature 
® Reverse Voltage Up to 6OOV 


e Avalanche Energy Rated 


Applications 
e Switching Power Supply 
e Power Switching Circuits 


e General Purpose 


Description 


RURD3040, RURD3050, RURDSO6O are ultrafast dual 
diodes. (tr; < 55ns) with soft recovery characteristics 
(ta/tb ~ 1). They have a low forward voltage drop and are 
of planar, silicon nitride passivated, ion-implanted, epitaxial 


construction. 


These devices are intended for use as energy steering/ 


RURD3040 
RURD3050 
RURD3060 


-_- 80A Ultrafast Dual Diode 
With Soft Recovery Characteristic 


Package 


TO-218AC 
TOP VIEW 


clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery Characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 


loss in the switching transistor. 


All are supplied in TO-218AC packages. 


Absolute Maximum Ratings (To = +250C) 


Peak Repetitive Reverse Voltage. .........ccccsccccseccas 
Working Peak Reverse Voltage .........ccecccscccseceece 
DG Blocking Voltage wi Siis cise wendasws sede esate ceeees 
Average Rectified: Forward Current .........csceeeeecenes 


(Total device forward current at rated . 
VR and To = 150°C) - 


Peak Forward Repetitive Current re ern ee ren eee 


(Rated Vp, Square wave 20kHZ) | 


Nonrenetitive Peak Surge Current 2.0... ccc ccc cece eee eeee 


(Surge applied at rated load 
condition halfwave 1 phase 60Hz) 


Operating and Storage Temperature .........cccccceccecs 


Copyright © Harris Corporation 1991 


Symbol 
RURD3040 RURD3050 RURD3060 
iaeneans VRRM 400V *  SOOV 600V 
eee yuevd VRWM 400V SOOV 600V 
ieiaia mea ecene . VR D 400V SOOV 600V 
aia aie ee IF(AV) 30A 30A 30A 
ieewes ena lFRM TOA 70A 70A 
Weewaw tee iFSM 325A 325A 325A 


ee TsTG: Ty ~55°C to+1759C -55°C to+175°C = -55°C to +1759C 


File Number 2772.1 
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RURD3040, RURD3050, RURD3060 


Electrical Characterlstics (T¢ = +25°C) Unless Otherwise Specified. 
f 


RURD3040 LIMITS RURD3050 LIMITS RURD3060 LIMITS 


{e) 


TEST 


SYMBOL CONDITION UNITS 
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a) 
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To = +1509C 
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IR@ VR = 400V 


To =+15009C 
C VR = 500V 
VR = 600V 
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Definitlons 


Ve = Instantaneous forward voltage (pw = 300s, D = 2%). th = Time from peak Ipny to projected zero crossing of IRpy based ona 


In = Instantaneous reverse current (pw = 300ps, D = 2%). straight line from peak Ippy through 25% of Ing. (See Figure 2) 


try = Reverse recovery time at di¢/dt = 100A/us (See Figure 2), R@jc = Thermal resistance junction to case. 


summation of tg + tp. Way| = Controlled avalanche energy (See Figures 7 & 8). 
tg = Time to reach peak reverse current at dip/dt = 100A/ys pw = pulse width. 
(See Figure 2). 


D = duty cycle. 


.) 


a 


1 


Q4 


RECTIFIERS 


ty > 5 ta (max) 


to > ter 
V1 amplitude controls Ir ig>0 ; VRM (REC) —- — —™#% 
Vo amplitude controls di/dt b1 < fa(min) 
L, = self inductance of Rq R4 10 
FIGURE 1. tyr TEST CIRCUIT . FIGURE 2. DEFINITIONS OF try, tg AND tp 


12-47 


RURD3040, RURD3050, RURD3060 
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REVERSE VOLTAGE (V) 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 


CHARACTERISTIC 
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CHARACTERISTIC 
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FIGURE 5. TYPICAL try, ta, tp vs FORWARD CURRENT FIGURE 6. TYPICAL CURRENT DERATING CURVE w.r.t. 


- I_peak = 1A,L= 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


CASE TEMPERATURE 


CURRENT [ [ we 
SENSE ZY \ OL 
Iv x 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 
40mH, R < 0.19, Way] = (1/2) LI2[Vayi/(Vavi-Vda)] 
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POWER MOSFETs 


APPLICATION NOTES 
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Harris Power MOSFETs 
UNDERSTANDING POWER MOSFETs 


| Author: Tom McNulty 
Power MOSFETs (Metal Oxide Semiconductor, Eield Effect 


No. 7244.1 May 1992 


ance, current-controlled device. As a _ majority-carrier 


Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
parallelsd, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. ~ 


General Characteristics 


A conventional n-p-n bipolar power transistor is a current-. 


driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped- 
ance load to its driving circuit. In most power circuits, this 
low-impedance input requires somewhat complex drive 
Circuitry. 


By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (SiO.). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n character. 


By virtue of its electrically-isolated gate, a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped- 
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semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon- 
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal- 
runaway problem experienced by bipolar devices. 


A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1(c). (There is no equivalent for this diode in a bipolar 
transistor other than in a bipolar darlington transistor.) Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 


ALUM SOURCE GATE 


p CONVERTED 
TO n CHANNEL 


FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A): THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER- 
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC- 
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 


Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies. according to the dimensions of the 
chip. For example, a 120-mil? chip contains about 5,000 
cells; a 240-mil? chip has more than 25,000 cells. 


One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter rpgion), Or resistance from drain to 
source, when the device is in the on-state. When rpgion) is 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 


Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each cell in the device can be assumed to contribute an 


amount, R,, to the total resistance. An individual cell has a . 


fairly low resistance, but to minimize rpgion), it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its rpg(ony value: 


Tps(ON) = Ry/N, where N is the number of cells. 
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FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (rpson OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 


TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FORA 
TYPICAL CHIP 


| Bypss | 40V | 150V | soov.—| 


In reality, 'ps(on) is composed of three separate resistances. 


_ Figure 2 shows a curve of the three resistive components for 


a single cell and their contributions to the overall value of 
fps(on): The value of rpgiony at any point of the curve is . 
found by adding the values of the three components at that 
point: : 


fos(ony = Reutk + Ronan + Rext 


where Ronan represents the resistance of the channel 
beneath the gate, and Rey includes all resistances resulting 
from the substrate, solder connections, leads, and the 
package. Rey.« represents the resistance resulting from the 
narrow neck of n material between the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 


Note in Figure 2 that Rowan and Rex, are completely inde- 
pendent of voltage, while Reyi« is highly dependent on 
applied voltage. Note also that below about 150 volts, 
rps(on) IS dominated by the sum of Roan and Rex. Above 
150 volts, rps(on) IS increasingly dominated by Rau_k. Table 
1 gives a percentage breakdown of the contribution of each 

resistance for three values of voltage. | | 


Two conclusions, inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First, DS(ON) 
obviously increases with increasing breakdown-voltage 
capability of a MOSFET. Second, minimum rpson) 
performance must be sacrificed if the MOSFET must with- 
stand ever-higher breakdown voltages. 


The significance of Rgyuix in devices with a high voltage 
capability is due to the fact that thick, lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The rpsion) 
therefore, increases with increasing breakdown voltage 
capability, and low rpgon) must be sacrificed if the MOSFET: 
is to withstand even higher breakdown voltages. 


There is a way around these obstacles. The rpgiony in Figure 
2 holds only for a relatively small chip. Using a larger chip 
results in a lower value for tpsion) because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 


The penalty for using a larger chip, however, is an increase 
in cost, since chip size is a major cost factor. And because 
chip area increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
@ given rpson) at & breakdown voltage twice as great as ine 
original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original‘cost. 
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SMALLEST 
CHIP 


0 100 200 300 400 500 600 
Bypss (V) 
FIGURE 3. AS CHIP SIZE INCREASES, FDs(ON) DECREASES, & 
VOLTAGE HANDLING CAPABILITY INCREASES 


Effects of Temperature 


The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked, this 
hot-spotting results in the mechanism of thermal runaway, 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature dependent in silicon: mobility decreases 
with increasing temperature. This ‘inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance increases and defocuses or spreads out the 
current, rerouting it to cooler portions of the chip. 


Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 


4 


Ip=4A 
Ves = 10V 


DS(ON) (22) 


-50 0 50 100 150 200 
JUNCTION TEMPERATURE - T, (°C) 


FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO- 
EFFICIENT OF RESISTANCE, WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN- 
AWAY AS TEMPERATURE INCREASES 


The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation, and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat, its resistance will increase, 
and its current will be directed away to cooler chips. 


Gate Parameters 


To permit the flow of drain-to-source current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as described above, the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, in the 
range of tens of nanoamperes, does flow, and is identified on 
data sheets as a leakage current, Igss. Because the gate 
Current is so small, the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact, is largely 
capacitive rather than resistive (because of the isolation of 
the gate terminal). 


Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and capacitance, C. The capacitance, called Cjgg on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent R and C of the input 
circuit determine the upper frequency limit of MOSFET 
operation. 


FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE Cisg 


Operating Frequency 


Most DMOS processes develop the polysilicon gate 
Structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20MHz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 


Since the frequency response of a MOSFET is controlled by 
the effective R and C of its gate terminal, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the - 


sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/L). But whereas the total R 
value is not found on datasheets, the C value (Cjss) is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source voltage. The value of Cisg is 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs apanis a fairly broad 
range, from 1MHz to 10MHz. 


Output Characteristics 


Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (Vps) 
as. a function of drain-to-source current (Ip). A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vpg values as a function of the gate-to- 
source voltage (gs). The curve is divided into two regions: a 
linear region in which. Vpsg is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 


Drive Requirements 


When considering the Vg. level required to operate a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Vg, is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia- 
ble increase in drain current can be expected. Generally Vos 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of IOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 


20 PULSE TEST 
| PULSE DURATION = 80uS 
DUTY CYCLE < 2% 


Toe = 25°C Vg = 6V 


DRAIN CURRENT - Ip (A) 
a 


i ee ES AS Ae CS CSN AS! OEE 
0 862 4 6 8 10 12 14 


DRAIN-TO-SOURCE VOLTAGE - Vps (V) 
FIGURE 6. MOSFETs REQUIRE A HIGH INPUT VOLTAGE (AT 


LEAST 10V) IN ORDER TO DELIVER THEIR FULL 
RATED DRAIN CURRENT 
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Harris Power MOSFETs 


SWITCHING WAVEFORMS OF THE L?FET: 
A 5 VOLT GATE-DRIVE POWER MOSFET 


Author: C. Frank Wheatley, Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L2FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor- 
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching “dynamic Visgary’ dissipation with con- 
stant drive power of the L?FET over the 10V MOSFET are 
demonstrated and discussed 


Background 


A new Series of power MOSFET devices called Logic Level 
FETs, or L?FETs, is compatible with the 5V power supply 
used for logic circuitry. L?FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre- 
decessors, but operate from a much less costly 5V supply. 


The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined by the gate insulator voltage 
field, halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 


The apparent conclusion from a study of the switching wave- 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L?FET 
over its 100nm predecessor, where gate drive power is the 
same for both devices. The “dynamic Vicar)’ dissipation is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac- 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode, vertical JFET driven in cas- 
cade by a grounded source, enhancement mode, lateral 
MOS. The waveforms and switching characterization meth- 
ods are described in detail below. 


L?FET Characteristics Compared to Standard Types - A 
Brief Review 


Thirty-two different power MOSFETs of the L?FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics, while offering twice the 
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gate sensitivity, as shown in Figures 1, 2, and 3, which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart, the RFM10N15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix, the L?FET product cur- 
rently available is limited to n-channel devices handling 200V 
or less, with 15A ratings or less.) 


10 


Vg = 9(4.5)V 
Vg = 6(3)V 


RFM10N15 
RFMI0ON15L 


Vg = 5(2.5)V 


for) 


> 


Vg = 4(2)V 


DRAIN CURRENT (Ip) (A) 


BR 


: 0 30 60 90 120 150 


DRAIN VOLTAGE (Vp) (V) 


FIGURE 1. DRAIN CURRENT vs. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L?FET 
DEVICES 


My. = 9(4.5)V 
Vg = 7(3.5)V 
Vg = 6(3)V 
Vg = 5(2.5)V 


RFM10N15 
RFM10N15L 


DRAIN CURRENT (Ip) (A) 


0 2 4 6 8 10 
DRAIN VOLTAGE (Vp) (V) 


FIGURE 2. DRAIN CURRENT vs. LOW DRAIN VOLTAGE 


CURVES FOR REPRESENTATIVE STANDARD — 


AND L2FET DEVICES DEMONSTRATING THAT 
Ron HAS NOT BEEN SACRIFICED IN THE L2FET 


Figures 1 and 2 are plots of drain current versus drain volt- 
age with gate voltage as the running parameter. The L?FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L2FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 


scales to reflect the different gate sensitivities; again, L val- 
ues are in parenthesis. It is evident from the curve that: 


1. The threshold voltage is scaled down by a factor of two for 
the L?FET. 


2. The thresholf voltage temperature coefficient in mV/°C is 
_ Scaled down. 


3. The current level for zero temperature coefficient is un- 
changed. 


4. The transconductance is scaled up by a factor of two. 


All other L2FETs have similar relationships to their respec- 
tive predecessors. 


RFM10N15 
RMFTON15L 


Vorain = 10V 


DRAIN CURRENT + (Ip) (A) 


8 
(4) 
GATE VOLTAGE (Vg) (V) 


FIGURE 3. TRANSFER CHARACTERISTIC 


Switching Waveforms with Conventional 
Drive 


The first concern when comparing devices with such a large 


difference of transfer sensitivity is one of “other things being 
equal”. If the standard device is driven between zero and ten 
volts with an Rg of 25Q, impedance transformation dictates 
that the L?FET should be driven between zero and five volts 
with an Rg of 6'/, Q, thereby transforming open circuit volt- 
age and short circuit current by factors of 2 (or '/,). With 
these parameters, either drive system will supply a peak Re, 
or generator dissipation, of one watt. 


Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10ON15L when each is driven as 
~ described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com- 
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
inat is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 


Note that: 


1. The rise and fall times are not symmetrical 
2. The is L?FET faster 


3. There is a “dynamic Vigay” type of behavior. 


4. The “dynamic Visaty is of a lesser amplitude for the 
_L2FET 


These pcervalions are discussed Below: 


100 


RFM10N15L 


_ DRAIN VOLTAGE (Vp) (V) 
on 
[=] 


GATE ‘oon | Yrise) | toiorr) | {ratty 
TYPE DRIVE (ns) (ns) (ns) (ns) 
RFM10N15 0-10V 73 
(100nm) 
RFMION15L } 0-5V 57 
(50nm) 


FIGURE 4. DRAIN VOLTAGE vs. TIME CURVES FOR REPRE- 
SENTATIVE STANDARED AND L?FET DEVICES 


Switching Waveforms with Constant 
Current Drive 


The power MOSFET is a current driven device during transi- 
tions due to the charging or discharging of capacitances. In 
actual applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com- 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 


Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose Ig; = Igo, with gate voltage limits of zero and 10 or (5) 
volts. The drive current is kept the same for both devices in 
this case even though the L2FET receives less drive power 
or energy. The value for Ig, and Ig» was chosen as 5mA; the 
time scale is 1pS/division. 


Note that: 


1. The rise and fall times of a given device are the same with 
Current drive. 


2. The two devices have similar output waveforms in most 
regions. 


3. There is a persistent “dynamic Visat)’ even at slow switch- 
ing speeds. 
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4. The “dynamic Visaty” Curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 


5. The “dynamic Visaty’ Curves are lower in amplitude by a 
factor of approximately two for the L?FET. 


8 


___ RATED VOLTS 
~ RATED AMPERES 


PERCENT RATED DRAIN VOLTAGE (%) 


TIME (us) 


FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN- 
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 


Large Signal Equivalent Circuit of the 
MOSFET | 


If we are to understand the differences and similarities of the 
L°FET relative to the conventional power MOSFET, the 
conventional poer MOSFET must first be understood. Figure 
6 shows a properly proportioned cross sectional view of the 
power MOSFET. 


. SOURCE METAL 
POLY GATE GLASS _ GATE OXIDE 
+n SOURCE 


n+ DRAIN 


FIGURE 6. CROSS SECTION OF POWER MOSFET 


When the drain voltage is very low and the gate is forward 
biased, an accumulation layer exists for the n- region 
beneath the gate. This layer may be thought of as serving 
the function of. the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically implied by the left half of Figure 6. The 
right half indicates the edge of the depletion width for several 
drain voltges. Note how the JFET pinches off, such that 
increased drain voltage is supported predominately by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac- 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 
represented.” 


tele TF 


FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 


Interelectrode Capacitance 


The equivalent circuit of Figure 7 contains four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined by these 
capacitors and the samll signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv- 
alent circuits are nonlinear functions of voltage and current 
and invarient with frequency. Similarly, the capacitors are 
nonlinear with voltage and current. | 


Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con- 
dition, the transconductance and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reducesthe power MOSFET to the capactor network of Fig- 
ure 8, which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 


Co, C34 


FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 


When current does flow, node (4) of Figure 7 is a low imped- 
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped- 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig- 
nificant only to the input node, (2). Capacitors C45, Co3, and 
Cy, are examined below over most of the switching regime 
when current is flowing. 
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Gate to Source Capacitance, C,. 


When ail of the die except the actual MOSFET. cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C42) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionaly a fringing capacitance exists at the edge 
of the polysil gate. These components of C,. are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate to Drain Capacitance, C2, 


Capacitor C23 exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when- 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
capacitive coupling from drain to gate diminishes greatly 
when the JFET is pinched off. Therefore, C23 exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 


Gate to Internal Electrode Capacitance, C., 


Capacitor Co, is rather large for positive gate voltages. It is 
'made up of that area between the poly gate and the accu- 
mulation layer, plus some of the area between the poly gate 
and the moddle of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and Co, is invariant. This accumul- 
atin layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu- 
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of Co,. 


Waveforms Expected from the Model! 


The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This: condition corresponds to saturated behavior, 
where the drain current is approximately equal to Ip(max) 
and the drain voltage equals Ip(max) times Rps(ON). 


Gate Voltage Slope - torr Delay 


As time progresses, Iq = -5mA, which must flow through Cy. | 


+ Cog + Cog of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV,/dt = dV./ 
dt = nearly 0. With large positive gate bias and drain voltage 
near zero, Cog is zero and Cy and Co, are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 


dVg/dt = Ie/(Cy2 = Coy) | (1) 


Gate Voltage Plateau 


As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a result, the gate current no longer flows from C12 during the 
constant gate voltage plateau. 


Drain Voltge Shallow Slope 


Since C23 is still zero, all gate current must flow from C24. 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 


dV p/dt = Ie/Co4 | (2) 
Again this curve will approximate a straight line. 
Drain Transition Voltage 


As mentioned above, Co, rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gae oxide, 
and differs from the drain voltage by an amount nearly equal 


to Ipps(on).) 


Since the drain voltage is still firly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of Co, has 
materially decreased and Co3 has become finite. This situa- 
tion results in a substantial increase in dVp/dt. 


JFET Pinch Off Voltage - Drain Voltage Steep Slope 


As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-to-gate voltage. But the JFET sour-to- 
gate voltage is the lateral MOS drain-to-source voltage, which 
is dominated by equation 2 (but for low values of Co,). 


Gate Voltage Curvature from Plateau 


As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through C,p. This flow pro- 
duces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 


Gate Voltage Slope - ton) Delay 


When the drain is totally off, most of the gate current flows 
from C12. Again,this capacitance is constant, so that the 
waveform is a straight line with a slope equal to: 


dVg/dt = Ig/Cyo (3) 
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w Gua 
Now Switching Chara rization for 


Power MOSFETs 


The above discussion suggests that a new method of char- 
acterization may be provided for resistive switching with 
power. MOSFETs, where constant current gate drive. is 
employed during the transition time.’ The below method 
bears some similarity to the gate charge concept.” The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl- 
edge of all waveforms with any drive dircuitry, rather than 
just the total elapsed time. In addition, the total elapsed time 
is fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec- 
onds (although the product is charged in nanocoulombs). 


Test Circuit - Drive 


A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a Current output circuit where the output current 
and output transconductance are programmed by the ampli- 
fier bias current (lagc). Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig- 
ure 9 is actually two OTA's in parallel. The linearizing diodes 
on this chip are not used. 


A value of lagc is established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +lagc and -lagc times a 
constant of proportionality (approximaetly 0.9). The actual 
‘value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu- 
rated behavior of tlagc. If the gate voltage comes within a 
volt.of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup- 
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from. submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack- 


MOSFET GATE 
2K 


SCOPE 


+15 
-15 


aaes one on ton of another and soldering the leads to apral- 
lel the chips rather than wiring many sokets. However, this 
arrangement may require an increase in the bypass capaci- 
tor values. 


A CA3240E MOS input op amp is used as a unity gain fol- 
lower. Otherwise, the 1mQ or 10mQ shunting impedance of 
the scope would load the high impedance circuitry associ- 
ated with the MOSFET gate. 


Testing Conditions 


A pulse generator is set for 50us on time duration and 
approximately 25ms repetition rate (about 0.2% duty cycle). 
The + clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi- 
mum rated voltage divided by the maximum rated current. 


With a low value of drain supply voltage, observe the gate 
voltage while adjusting Iago. A convenient set f conditions 
occurs when a short dwell time of several us exists at the 
+10V level. Minor adjustments may be desired for [ABC as 
the drain supply voltage is increased to maximum rated 
value. The L?FETs would be tested at +5V gate clamp. 


Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli- 
tude is t1mA with a third state of OmA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 
and 150V peak-to-peak. Figure 10(d) is a piece wise linear 
approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave- 
forms of Figure 10 is 100p1s full scale. 


There are some features of the gate and drain voltage wave- 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 


1. The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex- 
ceptions are piscussess in the following. 
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2. The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 


3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt- 
age excursion. 


4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
rps(on). - 


5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 


(a) 


(b) 


(c) 


(d) 


FIGURE 10. (a) 3V SIGNAL TO THE CA3280, (b) POWER MOS- 
FET GATE CURRENT, (c) GATE AND DRAIN VOLT- 
AGE, (d) PIECE WISE LINEAR APPROXIMATION 
OF 10(c) 


Appiication of ihe Switching Data 

Figure 11 is a family of curves similar to Figure 10(c), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor- 


malized to 100% of maximum-rated drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 


predetermined gate current, tly. The abscissa is also nor- 
malized to 100 (I7/Ig) microseconds full scale, where Ig is 
the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 
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FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(c) 
WITH DRAIN SUPPLY VOLTGE FIXED AT FOUR 
VALUES 


Symmetrical Current Drive 


Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from +200mA to 
+2y1A for the device of Figure 11. Measurements of delay time 
(on), rise time, delay time (off), and fall time are plotted in 
Figure 12 and compared to the inverse scaling suggested by 
Figure 11. 


RFM15N15 


x td(O 
Att. we 
O tr 

® td (ON) 


FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 


It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as t2u1A. 


Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners, which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. Asa 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12, even though the gate current 
was increased to t200mA. 


Asymmetrical Current Drive 


The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 


1. Mark eleven small x’s along the gate waveform of Figure 


11 dividing it into 10 equal voltage segments; for example, - 


Vg =0,1,2,...9, 10V. 


2. Draw a vertical line through each x the full height of the fig- 
ure, Creating 10 time segments. 


3. If the driving-pulse amplitude is O to 10 volts with an inter- 
nal resistance of 100 ohms, calculate the piecewise linear 
gate current for each time segment. Iq; = (10 - 0.5)/100 = 
95mA, Igo = (10 -1.5)/100 = 85mA, etc. 


4. Then scale each waveform within the pertinent time seg- 
ment by the proper gate current. 


5. Smooth the curves. 


6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5,8.5, . 
.. 1.5, 0.5 volts. Call these segments 11,12,... 19,20. 


7. In that the pulse-generator voltage is now zero volts, cal- 
culate Ig as: 
la11 = (0-9.5)/100 = -95mA, Igyo = (0-8.5)/100 = -85mA, 
etc. 


8. Repeat 4 and 5. L?FETs would be treated with smaller 
voltage segments. | 


Generally, the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result, rise and fall times measured this way 
experience differing gate currents and are “nonsymmetrical”. 
This type of measurement will also lead one to observe 
temperature sensitivities, load-current sensitivities, and 
device-to-device variability, all of which are more circuit 
dependent than device dependent. 


Source-Lead Inductance 


The gate-voltage waveforms may be corrected by the 
voltage across the source-lead inductance and external 
inductance, which may be mutually common to the input and 


output current loops. This voltage, L di/dt, may be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally, this 
effect is not appreciable for gate current small relative to 
+100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 


Gate Voltage Propagation Effects 


Most power MOSFET applications need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 


The thousands of individual MOSFET cells are connected in 
parallel with highly conductive metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result, a very steep 
voltage wavefront applied to the gate pad will bias those 
cells close by, but a delay will occur for turn on or turn off. 
Because of the nonlinear “input capacitance” of each cell, 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 


Presently, most manufacturers characterize typical switching 


speed for a single test condition. The test conditions are . 


usually chosen to present the most favorable result, usually 
near the upper limit of usefulness. 


Figures 13(a), (b), and (c) show the increasing effect of gate 


- voltage propagation. The gate waveform is the only one 


shown because the drain is not affected so drastically. This is 
true because some cells are overdriven, offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(c). 


FIGURE 13. CURVES SHOWING THE INCREASING EFFECT OF 
GATE VOLTAGE PROPAGATION 
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Gate-propagation effects may be reduced by the following 
design methods: 


1. Many gate runners. 

2. More conductive polysilicon. 

3. Silicide rather than polysilicon gates. 
4 


. Less cells (resulting in lower transconductance and higher 


Ron): 


5. Substantially different lateral and vertical structure. 
6. High-frequency packaging. 


None of the above methods will yield “breakthrough” devices 
unless used in combination. 


Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components users. 
These trade-offs are in the realm of: | 


1. Reduction of Roy per unit area. 

2. Decreased yield. _ 

3. Added cost (beyond the cost of yield impact). 

4. RFI, self-oscillation, and other problems characteristic of 
very fast devices. 
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POWER MOSFET SWITCHING WAVEFORMS: 
A NEW INSIGHT 


Author: Harold R. Ronan, Jr. and C. Frank Wheatley, Jr. 


The examination of power MOSFET voltage and current 
waveforms during switching transitions reveals that the 
device characterization now practiced by industry is inade- 
quate. In this Note, device waveforms are explained by con- 
sidering the interaction of a vertical JFET driven in cascode 
from a lateral MOSFET in combination with the interelec- 
trode capacitances. Particular attention is given to the drain- 
voltage waveform and its dual-slope nature. The three termi- 
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis- 
tance, the drain voltage characteristics are inferred from the 
gate current drive behavior and compared to observed 
waveforms. The nature of the “asymmetric switching times” 
is explained. 


A waveform family is proposed as a more descriptive and 
accurate method of characterization. This new format is a 
plot of drain voltage and gate voltage versus normalized 
time. A family of curves is presented for a constant load 
resistance with VOO varied. Gate drive during switching tran- 
sitions is a constant current with voltage compliance limits of 
O and 10 volts. Time is normalized by the value of gate driv- 
ing current. The normalization shows excellent agreement 
with data over five orders of magnitude, and is bounded on 
one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). . 


Device Models 


The keystone of an understanding of power MOSFET 
switching performance is the realization that the active 
device is bimodal and must be described using a model that 
accounts for the dual nature. Buried in today’s power MOS- 
FET devices is the equivalent of a depletion layer JFET that 
contributes significantly to switching speed.Figurei is a 
cross-sectional view of a typical power MOSFET, with MOS- 
FET/JFET symbols superimposed on the structure. 


Figure 2 is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node- 
to-node capacitances. Computed values of the six capaci- 
tances for a typical device structure suggest that device 
behavior may be adequately modeled using only three 
capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 
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Gate Drive: Constant Voltage Or Constant 
Current | 


Before moving on to the study of the equivalent circuit states . 


of the model, a gate-drive forcing function which is easy to 
represent, relates to reality, and best illustrates device 
behavior must be chosen. The choice may be immediately 
narrowed to two: | 


(1) An instantaneous step voltage with internal resistance R, 
Figure 4. | | 


(2) An instantaneous step current with infinite internal resis- 
tance, Figure 5. 
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FIGURE 4. 
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IDEALIZED POWER MOSFET WAVEFORMS 
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FIGURE 5. STEP-VOLTAGE FORCING FUNCTION 


Power MOSFET devices are highly capacitive in nature; 
hence, simple capacitor responses to the forcing functions 
offer a good vehicle for comparison. The advantageous 
choice is immediately obvious: Figure 5. Voltage/time 
responses dominated by capacitance are straight lines 
(when constant current is used). The slope of these lines is 


proportional to current and inversely proportional to capaci- 
tance. Analytically, then, constant current is most conve- 
nient. It is quite another matter, however, to build a 
bidirectional current drive that is accurate across the many 
decades of both current and time required to establish 
experimental verification. : | 
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Six States 


To completely characterize power MOSFET switching wave- 
forms, the six states that a device assumes, Figure 6, must 


be addressed: 


[stare [wos 
a 


*The term saturated is taken to mean a constant low-voltage 
drain-source condition. 
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FIGURE 6. STEP CURRENT FORCING FUNCTION 


Equivalent Circuit 


The lumped-parameter model of Figure 3, with the cascode- 
connected JFET, can now be reduced to the linear equiva- 
lent circuit of Figure 7, and the six device states investigated 
from full off to full on. 


9 DRAIN 


9 SOURCE 


‘LEGEND 


- Gate Voltage - Drain Source Capacitance 
- JFET Driving Voltage |g,, _|- MOSFET Transconductance 


“lometee [fo 
C, |- MOSFET Feedback - Constant Current Amplitude 
Capacitance 


FIGURE 7. POWER MOSFET EQUIVALENT CIRCUIT 
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State 1: MOS Off, JFET Off 


In a power-MOSFET device, no drain current will flow until the 
device gate threshold voltage, V7, is reached. During this time, 
the gate current drive is only charging the gate source capaci- 
tance. More accurately, Ig is charging C.,, (Ci5, = Ces + Cap 
Cys shorted), the capacitance designation published by the 
industry. 


The current generators, QV and g,yV,y are open circuits for 
zero drain current, and R,_ is presumed to be so low as to repre- 
sent a short circuit (generally true for practical applications). This 
is academic however since Ces is very much larger that Cg. The 
time to reach threshold, then, is simply: 


Ciss VT 
le 


State 2: MOS Active, JFET Active 


This state graphically illustrates the dramatic influence that the 
JFET has on the power MOSFET drain-voltage wave- form. 
Instead of having to discharge C, from Vpp to ground, the lateral 
MOSFET need only swing vy to ground, a much smaller voltage 
thanks to the grounded gate JFET. Since the interaction of R, 
with the device capacitances has a second-order effect on the 
drain voltage, the equivalent circuit of Figure 7 predicts a drain 
voltage change of: 


dye/dt = GmRleCes + Cx(1 + Sr/Om))] 

In all but the smallest power-MOSFET devices, C, is several 
thousand picofarads and g,/Q,j is of the order of 3:1. Power- 
MOSFET devices exhibit a high dvp/dt switching rate because of 
the cascode-connected J FET, not because C,.. (C,., = Cgp) is a 
small value, as zero-drain-current data- sheet capacitance val- 
ues might lead one to believe. If C,, were, in actuality, small, long 
drain voltage tails would not exist. The tail response is a direct 
result of JFET saturation. In order to delineate the transition from 
state 2 to state 3, a drain voltage at which the transition occurs 
must be defined. Vp, is the knee voltage at which linear extrapo- 
lations of drain-voltage slopes intersect. The time duration of 
State 2 is: 


t= (Vop - Vok)[Cas + Cx(1 + Spr/Gmd)VOmP Ie 
State 3: MOS Active, JFET Saturated 
When the JFET saturates, the g,,;V, current generator becomes 
a short circuit and the equivalent circuit predicts: 
dyp/dt = gmRiIe/ICgs + Cx(1 + ImRL)] 
This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode vacuum-tube ampli- 
fier circuits. Allowing for the fact that 1 + g,R,_ is approximately 
equal to g,,R, and C,(1 + 9,,R,) is very much larger than Ces, 
the expression for drain-voltage tail time is: 
t= (Vox - Vp[sat])C,/Ig 
State 4: MOS Saturated, JFET Saturated (Turn-Off) 
In this state, in addition to g,,V, being shorted, the g,,Vg current 
generator is shorted, and Ig is occupied with charging C, and 


Ces, in parallel, from the peak value of Vg to Ve(sat). The time 
required for this is: 


t = (Vg - Va(sat)(Ces + Cy)/Iq 
Since a value for Cag may be measured independently of switch- 


T= 


ing time, the method described is the simplest way of determin- 
ing C,. 


On turn-off, the state time equations are equally applicable, but in 
reverse order (states 5 and 6); see the idealized waveform of Fig- 
ure 4, 


Experimental Verification 


The four switching states just analyzed indicate that for a given 
device, all four switching state times are inversely proportional to 
the magnitude of the gate drive current. Figure 8 illustrates the 
switching performance of a typical power MOSFET across three 
decades of gate drive current and time. In each case the data 
slope is almost a perfect -1. 


A New Device Characterization 


Figure 8 could not be a reasonable device data sheet presenta- 
tion because it does not give the designer any information on a 
typical valuo for C,, nor does it convey how Vo, Ga, Gi / Ging, and 
Vc(sat) vary with drain current. What would be of enormous 
value to the designer is a plot of vp(t), Vg(t) for selected values of 
Vpp and Ip within device ratings. 


A reasonable characterization would be as follows: 


1. The x axis would be normalized in terms of gate current drive. 


2. The y axis would be normalized in terms of percent maximum rated 
Vp (0 to 100%). 


3. Ry = Vp(max)ip(max) would define the drain load resistance. 
4. Fourplots ofvp(t), vq(t) at 100%, 75%, 50%, and 25% Vp(max) would 


be shown. 
10 : 
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FIGURE 8. CONSTANT GATE CURRENT SWITCHING TIME 


Figure 9 is such a plot for the RFM15N15 power MOSFET. 
With such a plot, a designer can estimate device switching 
performance under any resistive gate/drain conditions. 
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FIGURE 9. NORMALIZED RFM15N15 SWITCHING WAVE- 
FORMS FOR CANSTANT GATE-CURRENT DRIVE. 


Step-Voltage Gate Drive 


The majority of power MOSFET applications employ a step 
gate-voltage input with a finite source resistance Ro.Often 
Ro for turn-on is not the same as Ro for turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy- 


TABLE 1. 


CONSTANT CURRENT STATE 1: MOS OFF, JFET OFF CONSTANT VOLTAGE 
| [1] 


Ciss Vr 


ZO 259C4 


ey 
STATE 2: ACTIVE, ACTIVE Ig = (Ve- Vr Ro 


a [Vop - VoK] [Cas + Cy (1 + Om/Imy)] 
ImA ile 


sis for resistive step voltage inputs, which is complex 
because the gate current is no longer constrained to be con- 
stant, but is a function of device gate-voltage response, is 
covered in Appendix A. (A second, shorter appendix, B, has 
been added to illustrate the estimation of RO for some practi- 
cal gate drive circuits.) Table | summarizes the common 
switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. : o 


Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/RO 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table |, the 
observed differences between Figs. 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/RO equal- 
ling the constant 1G, t6(on), t, td(off), and t1 will all be 
longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t, t! switching symmetry is dis- 
rupted by the use of a step voltage with source resistance 
RO. For states 2 and 6 the time ratio is: 


COMMON SWITCHING EQUATIONS 


t= Cree In 
oe [1 - V7/Gy] 


STATE 3: ACTIVE, SATURATED le = (Vq- Veeat)/Ro | 
« x . . 
Ig 


Ggeh 
gah 


STATE 4: SATURATED, SATURATED Ig = -VolRo 


(Cas + C,)(Ve - Vesat) 


, 


nO 2z2mce- 


t= 


t= Ro(Cas + C,) In (Vesa) 


Z i 
STATE 5: ACTIVE, SATURATED lg = (Va- Veeat)/Ro 


(Vox - Vpsat)Cx 


le 


STATE 6: ACTIVE, ACTIVE la = (Va - Vasa/Ro 


[Vop - VoK] [Cas + Cy (1 + On/Oma)] 
GmF,I¢ 
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Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, One would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table |, the 
observed differences between Figs. 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current Ve/Ro equalling 
the constant lg, ty(on), t, ty(off), and t,; will all be longer, as 
predicted by the ratios of the gate drive currents of Table 1. 
Notice also that t,, t; switching symmetry is disrupted by the 
use of a step voltage with source resistance Ro. For states 2 
and 6 the time ratio is: 


tturn-on 2 Vg(sat) 
trurn-off Ve m Vr 


For states 3 and 5 the time ratio is: 


_ Ve(sat) 
turn-off Vg - Ve(sat) 


Utilization of available maximum gate drive voltage and cur- 
rent can be optimized for fastest power MOSFET switching 
speed through the use of constant-current gate drive at the 
expense of increased gate-drive circuit complexity. 

10 


ttum-on 


RFM15N15 


(t) - microseconds 


S 
— 


DATA THEORY 


0.01 


104 10°? 10"! 


1/Ro 


FIGURE 10. CONSTANT GATE VOLTAGE SWITCHING TIME 


Using The Characterization Curves, 
Figure 9 

To estimate the switching times for an RFM15N15 power 
MOSFET under the conditions Vg = 10V, Vpp = 75V, Ro = 
100 ohms, and R, = 10 ohms, precedes as follows: 

State 1: MOS Off, JFET Off 

_ This time can be estimated without recourse to the curves 
t=  100(1200 x 10°) in [1/(1 - 4/10)} 

t= 61ns 


State 2: MOS Active, JFET Active 
(10 - 4)/100 = 60mA 
(curve divisions) x ly ps 9 


t= ————_________—.. = 
60 60 


Ig= 


150 ns 


State 3: MOS Active, JFET Saturated 


(10 - 7)/100 = 30mA 


curve divisions) x | 14 
30 30 


Ig = 


State 4: MOS Saturated, JFET Saturated 


Ces t+C, = (gate voltage slope)(test current) 

= (1.5 x 10%s/5 volts)(10mA) 
= 9000pF 

t= — 100(3000 x 10) in [10/6.6] 

t= 125ns 

Siate 5: WiOS Active, FET Saturated 
Ilg=  6.6/100 = 66mA 
divisions) x | 8 

eS (curve divisions) x I+ 1s : A pees 

66 66 


. Figure 11 shows RFM15N15 waveforms using the condi- 


tions specified in the example. 
75 


” 
5 
fe) 
A 
o 
<< 
5 RFM15N15 
2 Vpp = 75 VOLTS 
z R, = 10 OHMS 
< Vg = 10 VOLTS 
x Ro = 100 OHMS 
0 
0 1.5 3 
TIME - microseconds 
FIGURE 11. STEP GATE VOLTAGE INPUT TO AN RFM15N15 


CALCULATED | MEASURED 
STATE TIME TIME RATIO 


a CS a CC 


For peak gate voltages other than 10 volts, and load resis- 
tances other than Vpgs/Ipirms), the equations of Table 1 may 
be used in conjunction with slope estimates from the charac- 
terization curves for C, and Ces + C,(1 + Gr/Gmy) at the 
appropriate drain-current level. 
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Characterization-Curve Limits 


_ The switching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limiting factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear switching relationship to gate current. How- 
ever, as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and switching time, allowing 
all but a very few switching applications to be described by the 
characterization curves of Figure 9. 
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FIGURE 12. FIVE DECADES OF LINEAR RESPONSE 


Conclusions 


The viability of the proposed characterization curves using con- 
stant current has been demonstrated and the limits of applica- 
tion: defined. The existence of a vertical JFET in a power 
MOSFET makes data-sheet capacitances of little use for esti- 
mating switching times. The classical method of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual- slope nature of the drain 
waveforms. Switching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 


Appendix A - Analysis For Resistive Step 
Voltage Inputs 


Step Voltage Gate Drive 


To obtain the necessary relationships, six device switching 
States must be examined using the same device equivalent 
circuit as was used for the constant-gate-current case, but 
with the forcing function replaced wlth a step voltage with 
internal resistance Ro, Figure A-1. 


LEGEND 


Cgs|- Gate Source R_ __{- Drain Load Resistance 
Capacitance | 
- al - Constant Current Amplitude 


FIGURE A-1. POWER MOSFET EQUIVALENT CIRCUIT 


State 1: Mos Off, JFet Off 


As before, both current generators are open circuits, reduc- 
ing the equivalent circuit to simply charging C;,, through Ro. 


t=  RAoCissIn(1/(1 - Vq/Ve)I 
t= Va/Ro | 


State 2: Mos Active, JFet Active 


Before proceeding, it is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows ig(t) and ip(t) for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
Vg(t) and vp(t). Using Figure A-2, applicable gate currents for 
each of the device states may be listed. 


CURRENT—> 


TIME——> 


FIGURE A-2. ig(t) AND ip(t) FOR A TYPICAL POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 


Turn-On | | 
State 1: MOS Off, JFET Off 
Ipk1 = Va/Ro 


State 2: MOS Active, JFET Active 
IpKe = (Vg - VTV/Ro 

State 3: MOS Active, JFET Saturated 
IpKs = (Vg - Va(Sat))/Ro 
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Turn-Off 


State 4: MOS Saturated, JFET Saturated 

IpKa = Va/Ro 

State 5: MOS Active, JFET Saturated 

IpKs = Vg(sat)/Ro 

State 6: MOS Active, JFET Active 

IpKe = Va(sat)/Ro 
The equivalent circuit of Figure A-1 predicts that: 

dvp/dt = -g mR (Ve - Vr)e"™ 11 
where T1 = RoCées + (1 + Gr/Gmy)ROC, 
Note that g,R) (Ve - V7) is usually an order of magnitude 
greater than Vpp, indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 

eT! approximates unity. The drain current of Figure A-2, and 


fonts the drain voltage, does indeed exhibit a linear decrease 
with time. 


Thus, for state 2: 


[Von - VoxllCas + Cx(4 + Gen/Smu)] 
mR !pxe 


t= 


where Ipxs = (Vg - V7)/Ro 
State 3: Mos Active, JFet Saturated 


Because of the Miller effect, the gate voltage and, hence, the 
gate current, is almost constant during the tail time. The 
equivalent circuit then predicts: 
qVp OmF le _ le 
dt Ces + (1 + ImR)C, Cy 
la = Ipks = (Vg - Va(sat))/Ro 
(Vox - Volsat])C, 


Ipxs 


and t= 


State 4: Mos Saturated, JFet Saturated (Turn-off) 

Both equivalent-circuit generators are short circuits, and the 
gate drive is discharging C, in parallel with Cgg through Ro. 
t = Ro(Cgg + C,) In[Ve/Ve(sat)] 

Ipxa = Ve/Ro 

State 5: Mos Active, JFet Saturated 
The JFET current generator V,g,,), is operative. 


[Vox - Vp[sat])C, 
IpKs 


t= 


IpKs = Ve(Sat)/Ro 
State 6: Mos Active, JFet Active 
The Miller effect is now reduced by the activation of Voom b 
and the equivalent circuit predicts: 
[Vop - Voxl[Cas + Cx(1 + Gn Gmu)] 
OmAt !pake 


t= 


lpake = Va(sat)/Ro 


Appendix B - Estimating Ro For Some 
Typical Gate-Drive Circuits 


Case 1: Typical Pulse-Generator Drive, Figure B-1 
Vop 


Saaevsarweaatevawvwadaaaera 


Ri 
Ve 


FIGURE B-1. TYPICAL PULSE-GENERATOR DRIVE CIRCUIT 
Turn-On and Turn-Off 
Ro = ReenRes/(Reen + Res) 


For the typical case where Regn = 50Q, and a coaxial-cable 
termination of 50 ohms, Ro = 250 and Ve = Vern/2. 


Case 2: Voltage-Follower Gate Drive, Figure B-2 
+ 
| i 


Po 


FIGURE B-2. VOLTAGE-FOLLOWER GATE-DRIVE CIRCUIT 


Turn-On 


Ro is approximately equal to 1/g,, for Rs very much 
greater than 1/g,,. 


gm = transconductance of driving MOSFET transistor. 


Turn Off 
Ro=Rs 


Case 3: Common-Source Gate Drive, Figure B-3 

+ Re 

Rp | AS. Vpp 
10V 


FIGURE B-3. COMMON-SOURCE GATE-DRIVE CIRCUIT 


Turn-On 


Ro = Rp (drain-to-ground capacitance of driving 
device adds to Cgg of driven MOSFET.) 


Turn Off 
Ro = Rps(on) of driving MOSFET 


Rp is very much greater than Rps(on) 
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Harris Power MOSFETs 


THE APPLICATION OF CONDUCTIVITY-MODULATED 
FIELD-EFFECT TRANSISTORS 


Author: Jack Wojslawowicz 


Summary 


The development of conductivity-modulated field- effect 
transistors, FETs, makes available to the system designer 
another solid-state device that can be used to implement 
power switching control. This paper reviews differences 
between the standard and the newly developed FET. It 
shows the significant advantages that the conductivity- 
modulated FET has over the standard FET. Several 
applications are presented to show that this new type of 
device works well in practical situations. The relative 
inmaturity of the conductivity-modulated FET may limit its 
initial utilization. But as the family grows and product 
innovation and refinement takes place, this newest member 
of the power semiconductor family will become a viable 
alternative to the other members. 


General Considerations 


The development of the power field-effect transistor has 
made available to the power-stage designer an entire new 
family of power semiconductors. Over the past 5 to 6 years, 
the breadth of product has grown to encompass the require- 
ments of a large number of applications. A limiting factor that 
has slowed the utilization of power FETs in the high-current, 
high-voltage applications is the fact that the on-state 
resistance (Rpgon)) in a standard FET is related to its 
breakdown voltage (Bypss) by a nearly cubic power, i.e., 
Rps(on) * Bypss 2.8. What this implies, as Figure 1 shows, 
is that as the breakdown voltage increases, the on-state 
resistance climbs even faster. 


P-CHANNEL MOSFETs 


1 


N-CHANNEL MOSFETs 


0.1 
N-CHANNEL 
CONDUCTIVITY 

0.01 MODULATED FET 


WE Cr thE Vie 


MODULATED | FET 


SPECIFIC ON-RESISTANCE (Q-cm?) 


0.001 


10 100 


1000 
DRAIN-SOURCE VOLTAGE (V) 
FIGURE 1. SPECIFIC ON-RESISTANCE OF P AND N-CNANNEL 


MOSFETS AND CONDUCTIVITY-MODULATED 
FETS vs. FORWARD BLOCKING VOLTAGE. 


Copyright © Harris Corporation 1992 


The MOSFET on-state resistance is contributed to primarily 
by three components of the transistor: the MOS channel, 
the neck region, and the extended drain region. The 
extended drain region contributes the most to the on-state 
resistance in high-voltage MOSFETs. To achieve a lower on- 
state resistance at a given blocking voltage, the usual 
technique is simply to make the die larger. However, 
increasing the die size has its limitations from a 
manufacturing point of view, since MOSFETs, with their very 
fine horizontal geometries, are highly defect-yield sensitive. 
As die size increases, the likelihood of a defect resulting in a 
nonfunctional part increases exponentially. This tendency, 
combined with a smaller number of parts per wafer, limits the 
availability of low-on-state-resistance, high-voltage MOS- 
FETs. 


A change in the horizontal geometry of the MOSFET can 
lower the specific on-state resistance per unit area. By using 
more channel width with smaller source cells placed closer 
together, a reduction in on-state resistance can be achieved. 
A limitation on how close these cells can be placed arises 
from a possible localization of field concentrations that will 
limit the voltage breakdown of the structure to less than the 
theoretical rating due only to mpurity concentrations. 
Therefore, for a given breakdown voltage, there exists a 
minimum spacing of the cell structure. Generally, the higher 
the required breakdown voltage, the further apart the cells 
must be placed. 


As stated earlier, the extended drain region of the MOSFET 
generally contributes the most to the on-state resistance in 
high-voltage MOSFETs. As the required blocking voltage is 
increased, this region must be made thicker and more lightly 
doped to be able to support the desired voltage. It is this 
region's contribution to on-state resistance that the condic- 
tivity-modulated field-effect transistor drastically reduces. 
This reduction occurs as the result of the injection of minority 
carriers from the substrate and, in specific on-state resis- 
tance per unit area, is about 10 times less than in a standard 
MOSFET at the 400V BVpgzg Ievel, as shown in Figure 1. 


Further analysis has shown that the specific on-state 
resistance may be nearly independent of blocking-voltage 
level. This finding implies that at a BVpssg of 1000V, the 
reduction in conductivity-modulated FETs over the standard 
MOSFETs could be perhaps 50 to 1. These reductions in 
on-state resistance per unit area that the conductivity- 
modulated FETs can achieve present the possibility that 
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high-voltage high-current FET-type devices can become 
more readily available because of the smaller die sizes 
associated with conductivity-modulated FETs. 


Comparison of Standard and Conductivity-Modulated 
FETs 


Standard and conductivity-modulated FETs share some 
characteristics, but are substantially different in others. 
Shown in Table 1 is a listing of the major characteristics that 
make the conductivity-modulated FETs unique among 
power semiconductor families. Foremost, it is a voltage- 
gated device; its input characteristics are similar to standard 
power MOSFETs of comparable chip size. Very little drive 
power is required at low to moderate switching frequencies. 
The device remains under the control of the gate within its 
normal operating conditions. It exhibits the normal linear 
mode as well as the fully saturated on-state of conventional 
power MOSFETs. When the gate voltage is removed, the 
device turns off, unlike the thyristor family of power 
semiconductors, which must be either externally or naturally 
(internally) commutated. 


TABLE 1. CONDUCTIVITY-MODULATED FET 
CHARACTERISTICS 


Voltage Gated Small gate power required. Similar 
to standard power MOSFET. 
Turn Off When gate drive is removed... 
Unlike an SCR! . 
Nonlinear On-State Like that of an SCR. 
Voltage drop 
Turn On Speed Fast! Comparable to a standard 
power MOSFET. 


Turn-Off Speed Slow! Comparable to a bipolar 
transistor. 


Temperature Independent 
On-State Voltage Drop 


Unlike the typical 2x variation of a 
power MOSFET. 


The on-state voltage drop or resistance characteristic of a 
conductivity-modulated FET is markedly different from that 
of a standard power MOSFET, and is similar to that of a 
thyristor family member, the SCR. There is an offset voltage 
component (typically 0.6V) due to the p-n junction on the 
drain side, and a somewhat nonlinear resistive component, 
both of which are in series between the drain and source 
terminals. This series arrangement results in a highly 
nonlinear equivalent resistance, unlike the linear resistive 
characteristic of Vps(on) Of a standard FET. 


The structure of the conductivity-modulated FET operates 
during its turn on just as a standard FET does, hence its 
turn-on speed is very similiar to that of a standard FET. With 
its high input impedance and its short propagation delay, the 
turn-on transistion of the conductivity-modulated FET, as 
well as the standard power FET, is easily controlled by the 
gate driving circuit. This characterstic allows the designer 
the ability to control EMI and RPI generation easily. With 
other power semiconductors, it may be necessary to employ 
elaborate : circuit schemes to limit rapidly rising in-rush 
currents. 


A significant characteristic that must be considered in power 
switching applications is that of turn-off speed. The internal 
action that makes the conductivity-modulated FET such a 
silicon-efficient device also makes it an inherently slower 
device during turn-off. The injection of the minority carriers 
during the on-state conduction of current results in these 
carriers being present at the moment of turn-off. Without any 
way of removing these carriers by external means, they must 
recombine within the structure itself before the device can 
revert to its fully off-state condition. The quantity of these 
carriers and how fast they can deplete themselves 
determines the turn-off switching speed of the conductivity- 
modulated FET. This process of recombination is 
considerably slower than the simple discontinuance of 
majority carrier flow by which the standard power FET turns 
off. Hence, again, the conductivity-modulated FET is an 
inherently slower device. Its turn-off speed lies somewhere 
between the performance ofathyristorand that of a bipolar 
transistor. 


The final characieristic that makes the conductivity- 
modulated FET different from a conventional FET is the 
variance of on-state voltage with temperature. The 
characteristic of the conductivity-modulated FET is similar to 
that of an SCR, varying about -0.6mV/°C. The conventional 
FET has a positive temperature coefficient such that on 
high-voltage devices the Rogjon) will double from its 25°C 
value when the junction temperature reaches 150°C. The 
system designer must take this characteristic into consider- 
ation when the heat sink is being designed for the system. 


It is these similarities and differences that make the conduc- 
tivity-modulated FET a unique member of the family of 
power-semiconductor switching devices. Applications of this 
alternative power switching device invariably make use of 
one or more of its unique characteristics. 


Applications 
Automotive Ignition 


An application that can take advantage of the low drive- 
power capability of the conductivity-modulated FET is the 
electronic automotive ignition system. In Figure 2, the control 
IC takes the signal from the pickup coil located in the 
distributor and regulates the current through the ignition coil. 
At the proper time, the IC removes base drive from the 
bipolar transistor, which all systems currently employ as their 


coil driver. This removal of base drive allows the transistor to . 


shut off which, in turn, causes a rapid decrease in the 
ignition-coil primary current. As the primary current 
decreases to zero, the energy stored in the field surrounding 
the primary is transferred to the secondary coil. The 
secondary coil, consisting of many more turns than the 
primary, transforms this energy into a higher voltage, 
resulting in a spark being generated in the cylinder. The 
control IC determines when this spark occurs, so as to 
derive usable power. With the use of a bipolar transistor, it is 
estimated that approximately two-thirds of the power 
dissipation that occurs in the control IC is the result of the 
need to be able to drive the required base current of the 
ignition output transistor. The high-impedance input of the 
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conductivity-modulated FET virtually eliminates the base- 
current drive dissipation of the control IC. 


With improved silicon usage, the conductivity-modulated 
FET brings to power semiconductor switching devices the 
die size necessary to attain the required voltage and current- 
handling capabilities of the electronic ignition. This smaller- 
sized die makes possible smaller modules, whether they be 
hybrid or standard PC-based systems, than those currently 
implemented with bipolar-transistor technology. 


Brushless DC Motors 


Another emerging application that can make use of 
conductivity-modulated FETs is the emerging field of 
brushless DC motors. In this class of application, the solid- 
state devices are used to electronically switch the voltage to 
the multiplicity of windings that are employed. The motor 
consists of an armature that has a number of N and S poles 
consisting of high-strength permanent magnets. The stator 
is made up of the multiplicity of windings that were 
mentioned above; the windings are spaced incrementally 
about the outside frame of the housing. The voltages to 
these windings are all electronically switched to create a 
rotating magnetic field. The armature then rotates to 
maintain its relative position within the moving magnetic 
field. The switching of the voltage on the stator. windings is 
done by means of power semiconductor devices. A basic 
block diagram of such a system is shown in Figure 3. 


The control logic provides the proper sequence of drive 
signals based on the rotation direction desired, the speed 
desired, and the enable input. These requirements are 
combined with the inputs from the hall-effect sensors to 


BATTERY 


Ri 
2202 
C1 


ae 0.01-pF 


Re 
R2 
2202 
3 ui 
TRIGGER WHEEL co 
ONE TOOTH PER 1500 pF 


CYLINOER 


L1 SENSOR COIL INDUCTANCE 
% 100 ph UNLOADED Q = 53 


. complexity. 


determine which power devices should be activated. Since 
the current through the stator windings must be bidirectional, © 
the half-bridge or totem-pole output configuration is used to 
steer the current. This circuit implementation is generally 
performed with complementary devices, although single- 
polarity devices can be used with increased circuit 


In a typical 120V off-line system, like the one shown in 
Figure 3, the switching devices must have a 300V to 400V 
blocking capability. For larger size motors, where larger 
currents are necessary, the use of power FETs generally 
implies the use of large die to achieve a low power 
dissipation to meet the heat-dissipation capability of the 
packaging. The conductivity-modulated FET, with its 
temperature-independent on-state-voltage-drop characteris- 
tic, helps this situation by keeping the dissipation lower than 
can be achieved with a standard power FET. because of the 
increasing Rpsion) characteristic of that device. The small 
die size of the conductivity-modulated FET, the result of 
better silicon utilization, again makes them the practical 
choice in motor control not only because of their electrical 
characteristics, but also because of the lower manufacturing | 
cost of the die. 


As stated above, system complexity can be reduced with 
complementary devices. Although p-channel conductivity- 
modulated FETs are not yet commerically available, 
laboratory samples have been fabricated which offers 
better silicon utilization efficiency than their conventional p- 


‘channel counterparts. This statement is based on the fact 


that p-channel MOSFETs require a 2.5 times larger area 
than an n-channel device for the same Rosin). The easier 
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FIGURE 2. TYPICAL IGNITION SYSTEM 
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drive requirements for the n-channel (directly driven from 
the control IC) and the simplified voltage-translation circuit 
for driving the p-channel devices, combined with the 
smaller die size with potentially lower device cost for 
comparable power handling capability, makes the 
conductivity-modulated FET a natural for the brushless DC 
motor application. 


Switching Power Supply 


One final application that has the potential for conductivity- 
modulated FET usage is the switching power supply. A half 
bridge configuration implementation is presented in Figure 4. 
The system shown uses astandard PWM control IC to drive 
the conductivity-modulated FETs through the T2 
transformer. The voltage drive characteristic of these 
devices makes the design of transformer T2 quite simple. 
The control IC is more lightly loaded because it does not 
have to supply a continuous base drive, as would be 
necessary with bipolar transistors. 


The operating frequency and the “dead time” are the limita- 
tions placed on this system when conductivity-modulated 
FETs are used. The inherent lower switching speeds of 
these types of devices make these limitations necessary. 
The system is currently limited to the 20kHz to 30kHz range, 
with dead times as low as 1 to 2 microseconds. This charac- 
teristic is comparable to many existing bipolar systems. 


Improvements in switching speeds will occur as the 
conductivity-modulated FET matures. It is, however, unlikely 
that they will ever have the same switching speeds as 
standard power FETs. This limitation prohibits their use in 
some of the newer higher-frequency power supplies being 
designed now with conventional FETs. However, in higher- 
power supplies, where conventional FETs must be paralled 
to achieve a low enough Rpgon) for good efficiency, the 
conductivity-modulated FET may present a viable alternative 
with its smaller die size. Although the operating frequency of 
the system may have to be compromised to use them. 


Conclusion 


The conductivity-modulated FET represents a progression in 
the ever-advancing state-of-the-art development that occurs 
in the world of solid-state devices. The unique structure of 
these devices presents characteristics that make them 
equivalent in many ways to conventional FETs but superior 
in other ways. The system designer must take into account 
these similar and dissimilar characteristics to properly use 
them. The capabilities of the conductivity-modulated FETs 
allow them to make inroads into applications currently 
served by bipolar transistors, and in some _ cases 
conventional power FETs. As the devices mature through 
innovation and product refinement, conductivity-modulated 
FETs will become vital members of the family of solid-state 
power-semiconductor devices. 
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No. 8602.1 may 1992 


THE IGBTs - A NEW HIGH CONDUCTANCE 
MOS-GATED DEVICE 


Author: J.P. Russell, A.M. Goodman, L.A. Goodman and J.M. Neilson 


Abstract 


Anew MOS gate-controlled power switch with a very low on- 
resistance is described. The fabrication process is similar to 
that of an n-channel power MOSFET but employs an n’-epi- 
taxial layer grown on a p* substrate. In operation, the 
epitaxial region is conductivity modulated (by excess noles 
and electrons) thereby eliminating a major component of the 
on-resistance. For example, on-resistance values have been 
reduced by a factor of about 10 compared with those of 
conventional n-channel power MOSFETs of comparable size 
and voltage capability. 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times, and low on- 
resistance. However, the on-resistance of such devices 
increases with increasing drain-source voltage capability, '~ 
thereby limiting the practical value of power MOSFETs to 
applications below a few hundred volts. In this letter, we 
describe the fabrication and characteristics of a new vertical 
power MOSFET structure that provides an on-resistance 
value about 10 times smaller than that of conventional power 
MOSFETs of the same size and voltage capability. In this 
device, the coriductivity of the epitaxial drain region of a 
conventional MOSFET is_ dramatically increased 
(modulated) by injected carriers; this mechanism results in a 
significant reduction in the device on-resistance and leads to 
the acronym IGBTs (Insulated Gate Bipolar Transistor). 


This device, while similar in structure to the MOS-gated 
thyristor,*> is different in a fundamental way; it maintains 
gate control (doesn't latch) over a wide range of anode 
current and voltage.® The structure and the equivalent circuit 
~ for the IGBTs are shown in Figure 1(a) and (b); they are sim- 
ilar to those of an MOS-gated thyristor, except for the pres- 
ence of the shunting resistance Rs in each unit cell. The 
fabrication is like that of a standard n-channel power 
MOSFET except that the n-epitaxial Si layer is grown on a 
p* substrate instead of an n+ substrate. The heavily doped 
p* region in the center of each unit cell, combined with the 
sintered aluminum contact shorting the n* and p* regions, 
provides the shunting resistance shown in Figure 1(b). This 
has the effect of lowering the current gain of the n-p-n 
transistor (an-p-n) so that an-p-n + ap-n-p <1. Thus latching 
is prevented and gate control is maintained within a large 
operating range of anode voltage and current.® 
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In the remainder of this note we describe the operation and 
characteristics of this device. 


Device Operation 


The IGBT is a four-layer (n-p-n-p) device with an MOS-gated 
channel connecting the two n-type regions. In the normal 
mode of operation, a positive voltage is applied to the anode 
(A) relative to the cathode (K). When the gate (G) is at zero 
potential with respect to K, no anode current (i,) flows for 
anode voltage V, below the breakdown level Vee When Va < 
Ver and the gate voltage is larger than the threshold value 
Vg electrons pass into the n’-region (base of the p-n-p 
transistor). These electrons lower the potential of the n- 
region, forward biasing the p* - n (substrate-epi-layer) 
junction, thereby causing holes to be injected from the p+ 
substrate into the n” epi-layer region. The excess electrons 
and holes modulate the conductivity of the high-resistivity n- 
region, which dramatically reduces the on-resistance of the 
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device. During normal operation, the shunting resistor (Rg) 
keeps the emitter current of the n-p-n transistor very low, 
which keeps an-p-n very low. However, for sufficiently large 
ia, Significant emitter injection may occur in the n-p-n transis- 


tor, causing an-p-n to increase; in this case the four-layer. 


device may latch, accompanied by loss of control by the 
MOS gate. In this event, the device may be turned off by 
lowering i, below some “holding” value, as is typical of a 
thyristor. 


Device Characterization 


Two different lots of IGBT structures, consisting of about 10 
wafers/lot, have been successfully prepared to date. From 
these wafers, 1.5mm and 3mm _ square devices were 
fabricated using a standard HEXFET geometry’ with a 
polysilicon gate electrode over an SiO, gate dielectric. 
Several hundred IGBT were mounted in standard TO-3 and 


TO-66 packages and characterized under DC and site 


conditions, as described below. 


With zero gate bias, the forward characteristic of a IGBTs 
shows very low current (<1nA) up to about 390V, where it 
breaks up sharply to much larger current levels with only a 
slight increase in voltage. If the internal junction between the 
p* substrate and the n° epitaxial Jayer had been edge- 
passivated, a similar reverse breakdown characteristic would 
be expected. The actual reverse breakdown voltage for our 
devices was about 100V because edge passivation was not 
used. 


Figure 2(a) shows the MOSFET-like transfer characteristics 
of an IGBT in the low gate-voltage region. A noteworthy fea- 
ture of the IGBT characteristic is the ~0.7V offset, from the 
origin, of the steeply rising portion of the i(v) characteristics. 
This offset is the voltage required to forward bias the pt - n” 
(substrate-epi-layer) junction, and is an integral characteris- 
tic of the present device. 


Figure 2(b) shows the i(v) characteristic of an IGBT with 


Vg = 20V, and demonstrates the low on-resistance of the 
device (~0.084Q at 20A). The on-resistance values of 
nearly all of the many IGBT fabricated to date have been 
less than 0.1Q (at 20A) for the 3mm square devices. Such 
values compare very favorably with those of conventional 
power MOS structures, as illustrated in Figure 3. Here, the 
open data points (and the upper curve) are from data 
sheet specifications of commercial power MOSFETs 
(Harris, IRC, and Motorola). The solid data points (and the 
lower curve) are those of Baliga, which he labelled "state- 
of-the-art",> supplemented with some of the "best" of 
Harris' commercial and’ developmental MOSFETs. Note 
that the on-resistance of the IGBT is approximately 10 
times less than that of a 400V state-of-the-art MOSFET. 
Moreover, similarly low on-resistance values should be 
obtainable from IGBT designed for higher drain-source 
voltages. This is due to the fact that the resistance of the 
modulated region is determined by the concentrations and 
mobilities of the excess carriers (as in a p-i-n diode)® 
rather than by the background doping of the layer. In 
particular, the epi-layer doping and thickness of our 


present IGBT structures were designed for 600V, but Var. 


was limited to 400V by the edge design of the device. An 


improved edge design should provide a_ blocking 
capability closer to bulk breakdown, without altering the 
on-resistance of the device. This would make the IGBTs 
on-resistance of less than 0.1Q even more attractive for 
high-voltage applications. 
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FIGURE 2 - (a) MOSFET - Like Characteristic 
| (b) IGBT i(v) with V, = 20V 


Transient Response Measurement 


Switching time measurements under pulsed gate-voltage 
operation were used to characterize the transient operation 
of the device. The response of the anode current to a 
square-wave gate-voltage pulse is comprised of a rapid turn- 
on (with a typical time less than 11s) and a somewhat slower 
turn-off. We observed that the turn-off transient consists of 
an initial “fast* component, followed by a “slow” tail, as 
shown in Figure 4. 


We beliéve that ine initial rapid Gecay is due io the turn-off of 
the MOS portion of the equivalent circuit, and the turn-off tail 
is due to the time required for the excess carriers in the 
epitaxial drain region to decay. In general, turn-off times in . 
the range of 54s to 20us were observed, with the precise 
value depending on circuit conditionsand the turn-off time of 
the gate pulse. 
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The n-p-n-p structure of the IGBTs is similar to that of a thy- 
ristor and can be forced to latch under sufficiently high drive 
conditions. We have observed latching currents in the range 
10A - 30A in 3mm square chips. The magnitude of the latch- 
ing current has been found to depend on both anode voltage 
and temperature, decreasing with increasing anode voltage 
or increasing temperature. 


More interestingly, the latching current is also strongly 
influenced by the gate voltage turn-off time. Slow gate turn- 
off (~10y1s) permits anode currents up to 30A without 
latching. However, rapid gate turn-off (s 1p1s) leads to latch- 
ing at a much lower anode current level (~10A) in the same 
- device. We believe that latching during rapid turn-off of the 
gate voltage is due to current being forced through the n-p-n 
transistor causing an-p-n to increase, and leading to the 
condition for latching, an-p-n + ap-n-p = 1. Slow turn-off of 
the gate voltage prevents this, since the induced channel 
turns off slowly and partially shunts the n-p-n transistor; the 
small current through this transistor keeps an-p-n sufficiently 
low to avoid latching. 
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POWER MOSFETS AND THE IGBTs 


Summary 


™ BALIGA (REF 3) 
® HARRIS IGBTs 


A new MOS-gate-controlled power device, the IGBTs, has 
been described. The device has the desirable feature of a 
very low on-resistance similar to that of a thyristor, but is 
capable of maintaining gate control of the anode current over 
a wide range of operating conditions. The low on- resistance 
is due to conductivity modulation of the n epitaxial layer 
equivalent to the extended drain in a power MOSFET; this 
carries with it the penalty of slow switching compared with 
that of a conventional power MOSFET. | 
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FIGURE 4. GATE VOLTAGE (LOWER TRACE) AND ANODE 
CURRENT (UPPER TRACE) WAVEFORMS FOR 
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IMPROVED IGBTs WITH FAST SWITCHING SPEED 
AND HIGH-CURRENT CAPABILITY 


Author: A.M. Goodman, J.R. Russell, L.A. Goodman, C.J. Nuese and J.M. Neilson 


Abstract 


Conventional vertical power MOSFETs are limited at high 
voltages (>500V) by the appreciable resistance of their epi- 
taxial drain region. In a new MOS-gate controlled device 
called a IGBT, this limitation is overcome by modulating the 
conductivity of the resistive drain region, thereby reducing 
the on-resistance of the device by a factor of at least 10. 
_ However, the device previously described is slow in turnoff, 
having a fall time in the range 8 to 40us. The purpose of our 
present work has been to reduce the fall time significantly 
and to increase the latching current level of the IGBTs, while 
retaining its desirable features. By modification of the epitax- 
ial structure and addition of recombination centers, we have 
achieved fall times as low as 0.11s and latching currents as 
high as 50A, while retaining on-resistance values <0.2Q for 
a 0.09cm? chip area. The techniques used for the introduc- 
tion of recombination centers include electron, gamma-ray, 
and neutron irradiation, as well as heavy metal doping. Fora 
series of IGBTss (with forward-blocking voltage capabilities 
of 400-600V), the fall time can be reduced by more than one 
order of magnitude with a penalty of less than a 20% 
increase in on-resistance. 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times and low on-resis- 
tance. However, the on-resistance of such devices increases 
with increasing drain-source voltage capability,? thereby 
limiting the practical value of power MOSFETs to applica- 
tions below a few hundred volts. This limitation has been 
effectively overcome by the development of a new MOS 
power device in which the conductivity of the n-type epitaxial 
drain region is greatly increased (modulated) by the injection 
of minority carriers from a p-type substrate. We have called 
this device a COMFET-an acronym for COnductivity Modu- 
lated Eield Effect Iransistor;* the device has also: been 
called an IGBT or Insulated Gate Bipolar Iransistor. 


Tne devices, as originally described, had most of the advan- 
tages of conventional power MOSFETs; in addition, they 
exhibited more than an order-of-magnitude reduction in high 


current on-resistance values, permitting improved utilization 
of silicon chip area. However, they also had two disadvan- 
tages: 


When a IGBT is turned off, the injected minority carriers that 
remain in the epitaxial drain region decay by recombination with 
majority carriers at a rate determined by the minority-carrier life- 
time, t. Large values of t resulted in anode-current fall time, tF, in 
the range 8-40 ms. 4,5 


The maximum operating current is limited by latchup of the para- 
Sitic thyristor that is inherent in the device structure. Typical latch- 
ing current levels of IL, < 10A were observed in 0.09cm2 area 
devices when the gate voltage was turned off rapidly (<1ms); for 
slower gate voltage turnoff (~10ms), IL values as high as ~30A 
were observed. 


The purpose of the present work has been to reduce tF and to 
increase IL while retaining the desirable features of the device. 
By modifying the epitaxial structure and adding recombination 
centers to the epitaxial drain region, we have achieved tF values 
as low as 100ns and IL values as high as 50A with rapid gate 
voltage turnoff. 


Modified Structure 


A schematic diagram of the original IGBT structure* is shown in 
Figure 1(a), and the equivalent circuit is shown in Figure 1(b); 
they are similar to those of an MOS-gated thyristor except for 
the presence of the shunting resistance Rs in each unit cell. 
The fabrication is like that of a standard n-channel power MOS- 
FET, except that the n--epitaxial layer is grown on a p+ sub- 
strate instead of an n+ substrate. The heavily doped p+ region 
in the center of each unit cell, combined with the aluminum con- 
tact shorting the n+ and p+ regions, provides the shunting resis- 
tance RS. This has the effect of lowering the current gain of the 
n-p-n transistor in the equivalent circuit so that anpn + apnp <1, 
thereby preventing latching over a large operating range of 
anode voltage VA and anode current iA. However, for suffi- 
ciently large iA, emitter injection in the n-p-n transistor will 
increase, accompanied by an increase in anpn. When anpn + 
apnp increases to 1, the four-layer device will latch; the level of 
iA at which this occurs is the latching current level, IL. Thus, it 
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can be seen that a structure modification that lowers apnp will 
allow a greater range of iA (and anpn) without latching; that is, a 


reduction in apnp corresponds to an increase in IL. 3 30 
ul 
The modified structure shown in Figure 1(c) differs from that in = BaINAL 
Figure 1(a) by the addition of a thin (~10mm) layer of n+ silicon 2% STRUCTURE 
in the epitaxial structure between the n- region and the p+ sub- i 20 
Strate. This n+ layer lowers the emitter injection efficiency of the z 
p-n-p transistor in the equivalent circuit, and results in an = LATCH 
increase in IL by a factor of 2 to 3. In addition, there isalsoa 2 Sete Cine 
reduction in tF. s 10 LATCH 
These results are illustrated in Figure 2, in which te, is plotted & 


versus i, for each device structure. It should be noted that 

IGBTss with the modified structure can block high voltage 0 . 
: baer ; Selec 0 5 10 15 20 25 

only in the forward voltage direction since the emitter junc- 


1, - ANODE CURRENT (A) 
tion (p+ - n+) of the p-n-p transistor breaks down at a low 

level when the polarity of the applied voltage is reversed. FIGURE 2. ANODE-CURRENT FALL TIME t- VERSES ANODE 
CURRENT FOR ORIGINAL STRUCTURE AND 
MODIFIED STRUCTURE. 


Addition Of Recombination Cenieérs 
We have used a variety of techniques to add recombination 
centers to IGBTss; these include high energy electron, 
gamma ray, and fast neutron irradiation, as well as heavy 
metal doping. The irradiations were carried out after 
completion of all of the high-temperature processing steps, 
but in each case an additional heat treatment was necessary 
: to stabilize the devices by annealing out gate oxide charge, 
A as well as those radiation induced defects in the silicon 

(a) ORIGINAL STRUCTURE (recombination centers) that would othemise anneal out 
slowly at the device operating temperature.’ Typical values 
of t- of the order of 1p1s or less were achievable using any of 
the techniques. 


p- 
n- EPITAXIAL LAYER 


p+ (100) SUBSTRATE 


SHUNTING 


RESISTANCE 2p 


Be AS FABRICATED 


/ 


(b) EQUIVALENT CIRCUIT 
LATCH 


i AFTER IRRADIATION 


ALUMINUM 
AND ANNEALING 


POLYSILICON 


te - 90% TO 10% DECAY TIME (1s) 


LATCH AT 27A 


0 5° 10 15 20 25 
Ia - ANODE CURRENT (A) 


n- EPITAXIAL LAYER i 
inceaal: n+ EPITAXIAL FIGURE 3. ANODE-CURRENT FALL TIME tr VERSUS ANODE 
p+ (100) SUBSTRATE LAYER CURRENT FOR AN AS-FABRICATED DEVICE AND 
' y AFTER 14MeV NEUTRON IRRADIATION (10'%n/ 
cm?) FOLLOWED BY ANNEALING AT +300°C. | 


A 
(c) MODIFIED STRUCTURE An example of the variation of tp, with i, (1) as fabricated and 
(2) after irradiation with 14MeV neutrons and annealing is 
FIGURE 1. (a) SCHEMATIC DIAGRAM OF ORIGINAL IGBTs shown in Figure 3. Here, the neutron fluence was ~10'%n/ 


STRUCTURE. (b) EQUIVALENT CIRCUIT cm?; this was followed by annealing at +300°C. Note that t, 
(c) SCHEMATIC DIAGRAM OF MODIFIED STRUC- has not only been drastically reduced, but is virtually con- 
TURE stant at ~0.6ys; i.e., almost independent of i,. 
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FIGURE 4. IGBTs ANODE CURRENT AND GATE VOLTAGE WAVEFORMS 


It is possible to lower tf, still further by appropriate irradiation 
and annealing or by heavy metal doping procedures, 
although this is not necessarily desirable for reasons that are 
discussed below. The smallest values of ts, that we have 
obtained for fully stabilized IGBT is in the range 100ns to 
200ns. This is illustrated in Figure 4. 


The reduction in minority carrier lifetime that allows faster 
switching also carries with it a penalty higher forward voltage 
drop when the device is turned on; i.e., higher on-resistance. 
Since, in the forward conduction of an IGBT, current and 
voltage are not linearly related, it is necessary to specify a 
current level at which to compare on-resistance values of 
different devices. In Figure 5 we plot the on-resistance (at i, 
= 20A) of a series of devices with 0.09cm? chip area against 
their tz, values after irradiation and annealing. All tz values 
shown were obtained at i, = 5A; for the devices with short 
switching times, ts is virtually independent of i,. Clearly, 
there is a trade-off involved, and the optimum choice of a 
value for ts, and the corresponding on-resistance value will 
depend, to some extent, on the intended application. 
However, even for the shortest switching times shown 
(100ns), the on-resistance value of 0.2Q is approximately an 
order-of-magnitude less than that of comparably sized 
n-channel MOSFETs. 
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FIGURE 5. ON-RESISTANCE vs. ANODE-CURRENT FALL TIME 
te FOR A SERIES OF IGBTsS AFTER VARIOUS IR- 
RADIATION AND ANNEALING TREATMENTS 
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Temperature Dependence Of T;, And |, 


All of the device performance data presented thus far have 
been measured at room temperature. However, power 
devices are often operated at elevated temperatures, and it 
is important to determine how their performance varies with 
temperature. In Figure 6 the variation of te and |, for a device 
that has been irradiated and annealed is plotted versus tem- 
perature in the range +25°C to +150°C. This behavior is typ- 
ical of all of the devices we have tested; i.¢e., tf increases and 
|, decreases with increasing temperature, both by a factor of 
between 2 and 3 in the interval +25°C to +150°C. 


40 


~ 
S, 
| a IL 
‘“w® 
POEs 


LATCHING CURRENT I; (A) 
3 


FALL TIME tr (us) 


10 


0 50 100 150 
TEMPERATURE (°C) 


FIGURE 6. VARIATION OF ANODE-CURRENT FALL TIME t- 
AND LATCHING CURRENT I, WITH TEMPERATURE 


Summary 


By modification of the epitaxial structure of the IGBT and the 
addition of recombination centers, we have achieved anode- 
current fall times as low as 100ns in IGBT with latching 
currents as high as 50A for a 0.09cm? chip area. We have 


described the trade-off between on-resistance and anode- 
current fall time that may be obtained, and have 
demonstrated the variation of anode-current fall time and 
latching current with operating temperature. 
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Harris Power MOSFETs 


SPICING-UP SPICE Il SOFTWARE FOR 
POWER MOSFET MODELING 


Author: C.F. Wheatley, Jr., H.R. Ronan, Jr., G.M. Dolny 


The SPICE II simulation software package is familiar to most 
designers working in computer-aided design of integrated 
circuits. Developed by L. W. Nagel in 1973, SPICE Ii has 
become a widely available, well-understood design tool for 
IC modeling and analysis. But, SPICE II has a shortcoming: 
its standard simulation programs were developed when all 
MOSFETs were low-power devices. Power MOS devices are 
growing in use today, both as discrete components and, 
potentially, as output stages of power integrated circuits. 
SPICE II in its current form doesn’t recognize these new 
developments. Its built-in FET models aren’t able to simulate 
all the modes of new power MOS device operation. For 
example, SPICE Il doesn’t recognize the way a power 
MOSFET’s_ internal capacitances change with bias 
conditions, the presence of a cascode JFET that compli- 
cates both static and dynamic operation, or the presence of 
a parasitic body diode that affects operation in the third 
quadrant. Without this information, SPICE II will predict 
power MOSFET performance that is incorrect. 


Since SPICE Il’s internal device models can’t be easily 
changed for all existing copies, we looked for another 
approach to update the capabilities of this widely used simu- 
lation package in its standard form. Adding a “subcircuit” of 
external components that complement the devices within the 
SPICE Il software, so as to form a true, equivalent circuit of a 
power MOSFET, is the answer. 


The subcircuit works nicely with the standard SPICE Il 
software, providing a model with all the terminal characteris- 
tics of a power MOSFET. Parameters of the subcircuit model 
can be determined from simple terminal measurements or 
from standard data sheets, using the algorithmic and empiri- 
cal approach described below. Once these parameters are 
in place, SPICE II can be used to accurately simulate either 
p-channel or n-channel power MOSFET devices over a wide 
range of currents and voltages. The subcircuit functions as 
an embedded subroutine, so it can be used repetitively for 
any number of power MOSFETs in a design. This technique 
can be used to model power MOSFETs with any version of 
the SPICE Il program presently available, without any modifi- 
cations to its internal source code. The technique can also 
be used with other commercially available or in-house-devel- 
oped circuit simulators. 


Modeling The Power MOSFET 


A cross-sectional view of a cell of a Harris IRF130 power 
MOSFET is shown in Figure 1. The easiest way to under- 
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stand its electrical characteristics is to think of it as a vertical 
JFET, driven in cascode from a low-voltage lateral MOS- 
FET.’ 2 When the gate is positively biased with respect to 
the n-bulk, an accumulation layer forms in the n-region 
beneath the gate. This layer acts as the drain of the lateral 
MOSFET, as well as the source of the vertical JFET. The 


_JFET channel is then-region between the two p-type body 


diffusions, which act as the gate of the JFET. The JFET drain 
is the n+ bulk, usually thought of as the power MOSFET 
drain. 


SOURCE METAL 
SiO0g GATE OXIDE 


POLY GATE 


+n SOURCE 


n+ DRAIN 


nen 1. A CROSS-SECTIONAL VIEW SHOWS THE PHYSI- 
CAL MAKEUP OF THE LATERAL LOW-VOLTAGE 
MOSFET AND VERTICAL JFET THAT OPERATE IN 
CASCODE AS THE POWER MOSFET. 


When you look at the power MOSFET this way, it becomes 
possible to use the standard SPICE Il built-in device models, 
because SPICE II can simulate both the vertical JFET and 
the lateral MOSFET. When we use the subcircuit to add the 
rest of the Harris IRF130 power MOSFET to these SPICE II- 
simulated devices, we get a satisfactory equivalent circuit, 
shown in Figure 2. 


The gate-to-source capacitance of the Harris IRF130 power 
MOSFET is represented by Co,. It is really a composite of 
two capacitances. The first is formed between the polysilicon 
gate and source metal (with the thick oxide as a dielectric). 
The second is formed between the gate and the n+ source 
(with the thin oxide acting as the dielectric). The value of Co, 
is essentially unchanged by voltage or current. 


Capacitor Cy, is formed between the power MOSFET gate 
and the accumulation layer, with the thin gate oxide as a 
dielectric. So long as the gate is positive with respect to the 
n-neck region, the accumulation layer exists and Cj, doesn’t 
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change. But, if the external drain voltage (less their voltage 
drop across then-drift region) approaches the gate voltage, 
the accumulation layer starts to disappear. When that 
happens, Co, abruptly drops in value. This sudden change 
has to be taken into consideration. 


C23 
C24 
<=> 
FDSCHRG G) 5 
MOS1 
® DBREAK 
| | @ 
C2; @ 
Dgopy ~ | Vereak 
O Vpinch | Rsource 
"© =O 
E41 OO + ), LsourcE 
- meas 


FIGURE 2. THE EQUIVALENT CIRCUIT OF THE POWER MOS- 
FET IS MADE BY COMBINING SPICE Il MODEL EL- 
EMENTS WITH SOFTWARE ~ SPECIFIED 
COMPONENTS ON A “SUBCIRCUIT.” 


Capacitor Cz3 represents the gate-to-drain capacitance of 
the Harris IRF130 power MOSFET. Because the accumula- 
tion layer normally acts as an electrostatic shield, Co, has no 
significance until the layer ceases to exist under the 
conditions just described. When it does disappear, the effect 
upon Coz is abrupt, and also has to be taken into 
consideration. The sudden changes in Co4 and Co3 cannot 
be easily modeled with the standard SPICE II software. 


Figure 2 illustrates what happens: If the JFET source voltage 
(node 4) is very low compared to its pinch-off voltage, the 
JFET will be highly conductive, tightly coupling Co, to the 
JFET drain (which is also the drain of the Harris IRF130 
power MOSFET). However, as the node 4 voltage 
approaches the pinch-off voltage (Vpincy) of the JFET, it 
operates in a constant-current mode. This action decouples 
Co, from the JFET drain, making possible a much faster 
slew-rate, determined by C53. If the node 4 voltage is 
allowed to exceed Vpincy Of the JFET, errors will exist in the 
output waveforms predicted by the standard SPICE I! model. 


To correct the situation, the added subcircuit includes a cur- 
rent-controlled current source, Foscure, and a current- 
sense network containing D1. If node 4 voltage begins to 
exceed Vpincy of the JFET, D1 conducts, and its current is 
sensed at Viyeas. The high-gain current source Foscurc is 
turned-on rapidly and partially discharges Co,4, pinning node 
4 voltage at. the pinch-off voltage of the JFET. In setting up 
the parameters of the subcircuit, the ideality factor of D1 is 
set at 0.03 to assure that node 4 voltage will never exceed 


VpincH Of the JFET by more than a few millivolts. This condi- 
tion results in waveform predictions from the SPICE I! model 
that represent the true characteristics of the power MOSFET. 


The body diode (Dgopy in Figure 2) is formed by the drain- 
to-body diffusion pn junction of the Harris IRF130 power 
MOSFET. Dgopy is added as an external component in the 
subcircuit because the built-in gate-to-drain diode of the 
SPICE Il JFET model is inconvenient when it comes to mod- 
eling third-quadrant conduction of a power MOSFET. We 
want most of the third-quadrant current to flow in Dgopy. So, 
we effectively delete the SPICE II model's built-in diode by 
setting its saturation current parameter to an artificially low 
value, such as 102° ampere. 


To round-out the subcircuit, a resistor value is chosen for the 
JFET drain of the SPICE II model to represent the series 
resistance of the n-drain region of the Harris IRF130 power 
MOSFET.° We also add resistor Rsource to represent the 
series source resistance of the Harris IRF130 power 
MOSFET: a composite of resistances in the n+ source 
region, contact resistance, and source-metal series 
resistance. Finally, we add inductor Lsource to represent 
the source inductance of the power MOSFET contributed by 
the source metallization and bond wires. 


Choosing Parameters to Simulate A Power 
MOSFET 


To accurately simulate the terminal characteristics of the 
physical power MOSFET you are working with, you will need 
to adjust the SPICE !! model parameters and select 
subcircuit component values. Look first at adjustment of the 
SPICE Il model. The static current-voltage characteristics of 
the power MOSFET are determined by the low-voltage 
lateral MOSFET included in the SPICE II model; Figure 2. In 
saturation (large values of Vps), the lateral MOSFET device 
is modeled according to the following equation: 


(Kp)W (Vgg - Vro)* 


lbs = = 

where 

Kp = Process Transconductance Parameter 

Vio = Threshold Voltage 

W = L= 1pm (Fixed In This Note For Convenience) 
Ips = MOSFET Drain Current 


Ves = MOSFET Gate-To-Source Voltage 


Continuing with the example device, the Harris IRF130 
power MOSFET, a plot of the square root of Ips versus gate 
voltage (Ves) provides the curves shown in Figure 3 for Vps 
= 10 volts. These curves provide the process transconduc- 
tance parameter, (Kp/2)°°, and threshold voltage, Vyo, 
directly. This data can then be used to find the value of 
source resistance, Rsource. This series resistance is impor- 
tant because it causes the curve produced by plotting the 
square root of Ipg versus Ves to depart from linearity at high 
current levels. Departure at very low current levels is caused 
by subthreshold conduction, which we ignore in this model. 
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To find the JFET drain résistance, we use the value of 
source resistance, Rsgurce: and plots of Ipg versus Vps for 
operation in the linear region, as shown in Figure 4. 


To find the current, resistance and capacitance parameters 
of the body diode (Dgopy in Figure 2), first plot log Ipg versus 
Vps, as shown in Figure 5, holding the gate voltage, Ves, 
negative for third-quadrant operation; i.e., where Vps is less 
than 0. This plot gives the saturation current and resistance 
of Dgopy: The minority-carrier transit-tine parameter (TT) of 
the SPICE II program is chosen to provide the best fit to 
measured transient reverse-recovery data. The junction 
capacitance value of Dgopy is equal to the power MOSFET 
device output capacitance, Cogs, at zero volts. This value 
can be obtained from the device data sheet, or by bridge 
measurement. It is usually specified at 25 volts, and may be 
converted to zero volts by multiplying by 6. 


¢@ 
? 


@ 
Ips Rsournce ae 


© SLOPE VKP/2 
< | 
|8 Vps > Ves 
(SATURATED REGIME) 
- 
4.0 5.0 6.0 7.0 
VTHRESHOLD 


Ves (V) 


FIGURE 3. THIS PLOT OF THE SQUARE ROOT OF DRAIN» 
CURRENT vs. GATE VOLTAGE DEFINES THE 
THRESHOLD VOLTAGE, Vy, (Kp/2)°°, AND 
Ryources FOR THE POWER MOSFET. 


SLOPE = Rp (JFET) + 
Rsource 


Ips (A) 


Vps (V) 


FIGURE 4. DRAIN CURRENT vs. DRAIN VOLTAGE OF THE 
POWER MOSFET PLOTTED USING CONSTANT 
GATE VOLTAGES. THIS CURVE DEFINES THE ON 

_ RESISTANCE OF THE DEVICE. 


LOG Ip (A) 


Vps (V) 


FIGURES. THISPLOT OFLOG Ip VS Vps IN THIRD-QUADRANT 
OPERATION OF THE POWER MOSFET DEFINES I, 
AND Rg, OF THE PARASITIC BODY DIODE, Dgopy- 


To properly simulate avalanche breakdown voltage with the 
added clamp circuit (diode Dgrgax and voltage source Vpreax 
in Figure 2), first set the voltage level of Vgncax equal to the 
measured value of drain breakdown voltage. Then, adjust the 
SPICE II model parameters Is, N, and Rg for Dy,e,, to obtain 
the best fit to the measured breakdown voltage curve. 


Selection of capacitors Co,, C23, and Co4, and the patame- 
ters of the JFET (all shown in Figure 2), can be made using 
the curves of Figure 6. This is a plot of drain and gate volt- 
age versus time for a power MOSFET driven with constant 


Ronan = Bypss/Ipc 
Ig=1mA 

TEST CIRCUIT 
(SEE REF. 1) 


BVpss 


SLOPE = Igi(Coi+ 
C23 + C24) 


GATE VOLTAGE 
CURVE 


GATE PLATEAU VOLTAGE 


SLOPE = Ig/Co3 
SLOPE ~ Ig/Co, 


TIME (us) 


FIGURE 6. PLOTTING DRAIN AND GATE VOLTAGES OF THE 
-POWER MOSFT VS TIME DETERMINES THE VAL- 
UES OF Co; Co3, Co4s AND Vpinch- 
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gate current (Ig). The initial slope of the Ves curve defines 
Cz, (since for any value of gate voltage, Ves, less than 
threshold voltage, V7o, the power MOSFET is in its off-state, 
so that the gate-to-source capacitance, Co,;, charges linearly 
under constant-current conditions). As V7 is reached, the 
low-voltage lateral MOSFET (Figure 2) turns on, and its 
drain voltage drops toward its minimum value. 


At the outset, the JFET is operating beyond pinch-off, and 
the slope of the Vps-versus-time curve is controlled by C3. 
However, when the drain voltage falls below Vpjwcp, the 
JFET conducts, strongly coupling Co, to the JFET drain and 
greatly reducing the drain voltage slew rate. Thus, the value 
of Co3 can be approximated from the steep slope of the VDS 
curve in Figure 6, while the value of Co;+Co3+Co,4 corre- 
sponds to the labelled Ves slope. These values can be 
adjusted slightly to give the best slope fit. A trial value of 
Veincu (and Vo) is given by the labelled intercept of the Vos 
curve. Adjustments of this value will control the length of the 
gate plateau voltage needed to complete the curve fit. 


Table | lists the preferred algorithm for parameter extraction; 
Table Il summarizes the required empirical inputs. Together, 
these tables will aid in setting up the parameters for evalua- 
tion of a power MOSFET with SPICE Il and the subcircuit. 
As an example, Table 3 summarizes the input parameters for 
the SPICE Il model and subcircuit, determined for the Harris 
IRF130 power MOSFET, using the approach just described. 
The IRF 130 is rated at 14 amperes and has a 100-volt block- 
ing capability. 


TABLE 1. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 


1. Determine Kp of lateral MOS 


2. Determine Vyo of lateral MOS 


3. Determine Co, | 
4. Determine Co; + Co3 + Cog 


5 Determine Rsource and JFET drain resistance. | 


6. Assign beta of JFET = 100 x Kp of lateral MOS 
7. Use trial VPINCH . 
8. Use trial Co3 and calculate C2, 


9. Curve fit for slope by repeating step 8 with different values 
of Co3. 


10. Adjust Vpincy and Vro of JFET to fix gate-voltage plateau 


MOSFET 


JFET 


TABLE 2. EMPIRICAL INPUTS 


Enhancement mode:W = L = 11m; Kp (Figure 3); 
Vo (Figure 3); C’s = 0; Tox = 1E6um 


Depletion mode; area factor = 1; Beta = 100Kp 
(Figure 3); Vro = -Vpinch (Figure 6); C’s = diode 

lifetime = 0; diode ideality factor = 1.0; Is = 1E - 20; 
Rp (Figure 4) 


ls from Figure 5; Ideality Factor = 1.0; Rg from 
Figure 5 (must be very much smaller than Rp); 
C (from Cogs); lifetime = best fit to Trp 
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TABLE 2. EMPIRICAL INPUTS (Continued) | 


lg = arbitrary; C = lifetime = 0; ideality factor = best 
low-current fit; R = best high-current fit 


= ls = 1E - 13; C = lifetime = 0; ideality factor = 0.03; 


Figure 3 


Approx. (5L)in(4L/d) nH; L and d are source wir 
inches : 


LsouRCcE 


Figure 6 


Avalanche voltage 
Figure 6 


Figure 6 


LATERAL MOS 
Model Level 


Implementing The Subcircuit in SPICE Il 


Table IV is the input listing for the implementation of the 
power MOSFET subcircuit in SPICE II software. Nodes are 
identified for drain, gate, and source of the power MOSFET. 
The subcircuit then “hooks" to these nodes wherever 
specified in the SPICE II simulation. Any number of power 
MOSFETs can be specified. The parameters listed are for an 
IRF 130 power MOSFET. 
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The Results 


The real test oftheenhanced SPICE II model is how closely 
its predicted performance compares with actual measure- 
ments. Using the input parameters for the Harris IRF130 
device example given in. Table lil, we calculated transfer and 
output curves for the model. These curves were then com- 
pared against measured static data. Figures 7 and 8 show 
the precise fit between predicted and measured static data, 
even at low values of drain voltage. 


To see how the model performs in dynamic prediction, we 
simulated first-quadrant operation (including avalanche 
mode) and third-quadrant operation for the Harris IRF130 


power MOSFET. Once again, the predicted caer of 
the enhanced SPICE II model fits actual measurements sat- 
isfactorily over the entire operating range of the Harris 
IRFI30, as shown in Figures 9 and 10. 


To compare calculated switching performance versus actual 
measurement on the Harris IRF130, we used the enhanced 
SPICE II model to generate switching curves. Figure11 
shows drain. and gate voltages versus time with a constant 
gate-current drive. Figure 12 shows drain and gate voltages 
versus time for a step gate-voltage input. Actual measured 
data was then taken and overlaid on the points predicted by 
the enhanced SPICE II model. Again, the fit was accurate in 
each case. 


TABLE 4 - INPUT LISTING OF SUBCIRCUIT MODEL 
Listed Parameters Valid for a Harris IRFI30 Power MOSFET 


* THIS IS THE POWER MOS SUBCIRCUIT 
* NODE 3 IS THE POWERMOS DRAIN 
* NODE 2 IS THE POWERMOS GATE. 
* NODE 11 IS THE POWERMOS SOURCE 


* 


* 


OPTIONS NOMOD NOLIST NOACCT NONODE LIMPTS=250 GMIN=1.0E-20 


.SUBCKT POWMOS 3 2 11 
.C21 2 1 900P 

.C23 2 3 40P 

.C24 2 4 1360P 

.FDSCHRG 4 2 VMEAS 1.0 
.MOS1 4 2 11 MOSMOD L=1U W=1U 
JFET 3 1 4 JMOD AREA=1 
.DBODY 1 3 DMOD2 
-RSOURCE 1 10 17.5E-03 
-LSOURCE 10 11 7.5N 
-£415 1141 1.0 

.D1 5 6 DMOD 

.VPINCH 6 8 DC 6.4 
-VMEAS 8 11 DC 0.0 
.DBREAK 3 7 DMOD3 
.VBREAK 7 1 DC 117 


-MODEL MOSMOD NMOS VTO=3.4 KP=6.40 TOX=1.0E+06U. 


.MODEL JMOD NJF VTO=-6.4 BETA=640 IS=1.0E-20 RD=42.5E-03 


.MODEL DMOD D IS=1.0E-13 N=0.03 RS=1.0 


MODEL DMOD2 D CJO=1650P TT=70N IS=3.0E-12 RS=2.5E-03 


.MODEL DMODS D IS=1E-13 RS=2.0 N=1.0 
.ENDS 


x 


* 
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FIGURE 7. MEASURED SQUARE ROOT OF DRAIN CURRENT 
(DRAIN VOLTS = 10) vs. GATE VOLTAGE FOR THE 
HARRIS IRF130 POWER MOSFET IS PLOTTED 
ALONG WITH THE CALCULATED VALUES FOR 
THE ENHANCED SPICE Il MODEL. AN EXCEL- 
LENT FIT IS OBTAINED. . 
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FIGURE 9. FIRST QUADRANT DRAIN CURRENT vs. DRAIN 
VOLTAGE WITH Veg HELD CONSTANT IS CALCU- 
LATED BY THE ENHANCED SPICE I! MODEL OF 
THE HARRIS IRF130 POWER MOSFET. NOTE 
THAT THE MODEL PREDICTS AVALANCHE 
BREAKDOWN. 
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Beadle 8. PLOTS OF DRAIN CURRENTVvs. DRAIN VOLTAGE 
FOR THE HARRIS IRF130 POWER MOSFET SHOW 
AN EXCELLENT FIT BETWEEN MEASURED VAL- 
UES AND THOSE CALCULATED BY THE EN- 
HANCED SPICE Ii MODEL FOR VARIOUS VALUES 
OF CONSTANT GATE VOLTAGE. 


Vprain (V) 
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Voare = 0 AND 2 
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FIGURE 10. THIRD-QUADRANT OPERATION OF THE HARRIS 


IRF130 SHOWS AGREEMENT BETWEEN THE 
PREDICTED VALUES OF THE ENHANCED SPICE Il 
MODEL AND ACTUAL MEASURED VALUED OF 
DRAIN CURRENT vs DRAIN VOLTAGE AT DIFFER- 
ENT VALUED OF CONSTANT GATE VOLTAGE. 
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THESE PLOTS OF DRAIN AND GATE VOLTAGES vs. TIME FOR CONSTANT GATE CURRENT SHOW AGREEMENT 


BETWEEN THE PREDICTIONS OF THE ENHANCED SPICE Il MODEL (a) AND MEASURED PERFORMANCE OF THE 
HARRIS IRF130 POWER MOSFET (b). 
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» SwiTCHiING PERFORMANCE OF THE HARRIS IRF130 POWER MOSFET IS CLOSELY PREDICTED BY THE ENHANCED 


SPICE fi MODEL IN THIS PLOT OF MEASURED AND CALCULATED VALUES OF DRAIN AND GATE VOLTAGES vs. 
TIME IN A STANDARD SWITCHING CIRCUIT. 


13-40 


Application Note 8610 


“ 
2 
a 
E 
< 
< 
< 
fe aj 
& 


Time (Nanoseconds) 


FIGURE 13. THE CALCULATED THIRD-QUADRANT DIODE RECOVERY WAVEFORM OF THE ENHANCE SPICE Il MODEL SHOWS 
GOOD AGREEMENT WITH THAT ACTUALLY MEASURED FOR THE HARRIS IRF130 POWER MOSFET 


Finally, the enhanced model was used to compare calcu- 
lated and measured body diode (Daopy in Figure 2) recovery 
time curves in third-quadrant operation of the Harris power 
MOSFET. Figure 13 shows the good agreement between 
predicted and actual results. 


This approach provides excellent results when there is a 
need to model the performance of a power MOSFET. Not 
only will the approach update SPICE Il (or other circuit 
simulation CAD program) so that it will simulate the latest 
state-of-the-art in MOS power, but it will allow quick analysis 
of every static and dynamic characteristic for suitability in a 
proposed design. 
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SP600 AND SP601 AN HVIC MOSFET/IGT DRIVER FOR 
HALF-BRIDGE TOPOLOGIES 


Author: Dean F. Henderson 


The interfacing of low-level logic to power half-bridge config- 
urations can be accomplished by an 500Vpg intelligent IC, 
the SP600 series driver, which is designed for up to 230Vac 
line rectified operation. The primary function of the high volt- 
age integrated circuit (HVIC) is to drive n-channel MOS 
gated power devices in totem pole configuration. Compatible 
with current-sensing MOSFETSs/IGTs, this HVIC provides 
overcurrent shutdown, simultaneous conduction protection, 
and undervoltage lockout. Logic level inputs provide noise 
immune control of power element switching. 


The SP600 has demonstrated high frequency (130 kHz) 
operation as well as the ability to withstand high dv/dt. Its 
semicustom design flexibility makes it easily adaptable to a 
wide range of single and multiple phase applications. Other 
salient features of the device are described below. 


Technology Overview 


BiMOS structures are implemented in a junction-isolation 
process, known as “lateral charge control”,' that supports 
high voltage laterally. By the use of this thin epi process, low 
voltage analog and digital circuitry can be combined mono- 
lithically with high voltage transistors. Low voltage circuits 
can be constructed to float up to 500Vp¢ with respect to the 
substrate. Additionally, 5S00Vp¢ NMOS and n-p-n transistors 
can also be fabricated.? Since this process conforms to 
mainstream low voltage IC manufacturing, it is cost effective. 


Totem Pole Drivers 


Historically, designers have been faced with awkward deci- 
sions regarding the upper-rail drive of bridge topologies. P- 
channel MOSFETs, while easy to drive, are more than twice 
as expensive as equivalent n-channel devices having the 
same rds(on). Economic barriers and product availability 
generally prohibit design beyond 200Vpc. On the other 
hand, the driving of upper rail n-channel MOS gated devices 
requires a floating gate supply that must be 5 to 20Vpc- 
greater than the upper rail link. While several discrete 
approaches for implementing this floating supply are known, 
the designer is burdened with additional components and 
potential dv/dt problems associated with voltage translation. 


The SP600 series driver provides the economical solution as 
an intelligent totem pole n-channel driver. With the addition 
of as few as five, user defined, external, passive components 
(three if current detection isn’t employed) a functional half- 
bridge driver can be built that has the following features: 
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¢ Creation and management of a 15Vpc upper-rail power 
supply 

Ability to interface and drive standard and current sensing 
n-channel MOSFETs/IGTs 


Shoot-through protection 

¢ Overcurrent protection | 

e Undervoltage lockout 

¢ CMOS logic-level input compatibility 


- ¢ Semicustom flexibility through metal-mask changes 


¢ Standard 22-pin DIP packaging 


Theory. of Operation 


Figure 1 is the basic block diagram of the SP600. CMOS 
logic compatible input signals are filtered to ensure reliable 
operation when the device is subjected to noisy industrial 
environments. Digital commands at TOP and BOTTOM 
inputs cause the upper or lower drivers, respectively, to turn 
on or off. The Iraip seLect input provides a higher than nom- 
inal current limit on a pulse-by-pulse basis. The input signals 
are decoded to drive the appropriate output device. High 
voltage translation is provided by current mirror pulses used 
to communicate upward to the top gate driver to initiate turn 
on or Off (lon/lo¢g pulses). These momentary pulses are 
captured by local latches to maintain the desired state. This 
feature minimizes power dissipation in the level shifter and 
provides added noise immunity as well. The bottom gate 
driver circuitry is similar. The floating bootstrap power supply 
is provided by low voltage capacitor Ce and high voltage 
diode De Each time the Voyz node goes low, Cr charges to 
roughly a diode drop less than Vdd (15Vpc¢). This situation 
prevails each time the lower output device is activated or, in 
the case of an inductive load, whenever the upper device is 
switched off and freewheeling load current forces the output 
node to a diode drop below ground. In either case, Dr is for- 
ward biased, allowing Cr to charge through the current limit- 
ing resistor Regs to approximately Vpp. Noise dropping 
resistor Rup, along with capacitor Cpp, provides localized fil- 
tering of the bias supply and bypasses bias supply series 
inductance facilitating fast and compietie booisirap refresn. 
Each output device is protected on a pulse-by-pulse basis 
from overcurrent (OC) by sense resistor Rs, which is con- 
nected to 100mV comparators. This arrangement permits 
the designer to take advantage of nearly lossless current- 
sensing MOSFETs or IGTs. 
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FIGURE 1. BLOCK DIAGRAM OF THE HVIC 


Upon detection of any OC, the output is immediately dis- 
abled. In the case of the lower switch, a FAULT is directly 
detected and reported. Upper rail OC FAULTs are indirectly 
reported via the output voltage monitor when it detects an 
output state not in agreement with the commanded TOP 
input signal. With local OC detection and shutdown of the 
upper device, an inductive load will force Voy low due to 
freewheeling. This “out of status” detector recognizes a fault 
when Vout is typically less than 5.5Vpc. 


6Q 
3 
Veias CO 
44 Rup 
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Logic And Timing 


Figure 2 is a detailed functional circuit of the SP600. The fil- 
tered inputs, TOP, BOTTOM, and Irpip se_ect ignore pulse 
widths less than typically 400ns to prevent false triggering. 
During the generation of loy and lore pulses, the control 
logic ignores further changes in the input signal. For each 
lon pulse, an lorr pulse is simultaneously sent to the oppo- 
site driver, thus eliminating the possibility of spurious shoot 


FIGURE 2. FUNCTIONAL DIAGRAM OF THE HVIC 
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through caused by high voltage, high-speed switching. 
These features aid in providing predictable operation of the 
floating upper rail driver section, which is capable of slewing 
over 10,000 volts per ps. 


PHASE serves as a common reference for the floating boot- 
strap supply (Vgs) and all upper rail logic. Vou, for all practi- 
cal purposes, is at the same potential as PHASE, being 
separated from it electrically by only a few Q (Ro). This addi- 
tional series output resistance helps to limit the peak current 
being drawn from the HVIC when an external lower flyback 
diode, undergoing forward recovery, forces Voyy negative. 


An automatic refresh algorithm is generated by the CMOS 
timing and control block to ensure that the bootstrap capaci- 
tor remains charged. As mentioned above, Cr is refreshed 
each time the Voy; node swings to common. At power up, 
with zero voltage on Cr there are two ways to refresh the 
bootstrap capacitor. The first is by initially commanding the 
bottom device to turn on, forcing Voyr low. The second 
occurs when an automatic refresh is invoked if the TOP has 
been commanded on for longer than 200ps to 500us. The 
logic momentarily ignores the inputs, and turns on the lower 
output (subsequent to an Io¢e TOP) for typically 2.0ps, 


charges Cr and finally restores control to the input com- © 


mands. Automatic refresh is overridden at switching rates 
greater than 5kHz, the minimum refresh timer period. 


A dual level current limit provision allows for a 30% higher 
current trip point (above nominal) on a pulse-by-pulse basis. 
A logic level 1 applied to Itpip se_ecr provides a boosted 
current limit suited for applications like uninterruptable power 
supplies (UPS), which may have occasional. shifted peak 
power requirements. This feature may allow for a more opti- 
mally selected output device. Benefits of current boost have 
been demonstrated in an off-line PWM motor controller 
where Itpip sELect is momentarily applied to overcome the 
inertia associated with rotor start-up.° 


Both outputs are disabled and a FAULT reported as a result of: 
¢ Overcurrent 
* Vpp (lower bias) and Vgg (upper bias) undervoltage 


Yop | 10, 


FIGURE 3. POWER-OUTPUT SECTION INTERFACING WITH CURRENT SENSING MOSFET OF IGT. 


* Vout/PHASE out-of-status 


* Simultaneously commanded TOP and BOTTOM input 
(outputs disabled, no FAULT reported) 


The fault can be cleared by a logic 0 at both TOP and 
BOTTOM inputs for the required fault reset delay time of 
3.4y1s to 6.6ps. | 


Power Driver Section 


The upper and lower driver output sections are nearly identi- 
cal, Figure 3.4 Separate sink and source transistors are sep- 
arately bonded out for application specific designs requiring 
additional series gate impedance(s) for slower charge and 
discharge rates. This circuit property becomes particularly 
important with IGTs, where a minimum turn-off impedance of 
100Q may be required to ensure full SOA. Regardless of the 
switching element used, companion flyback diode character- 
istics may necessitate slower turn-on to reduce peak reverse 
recovery current by increasing the gate impedance by 
means of RoHARGE: 


A nominal 100mMVpc comparator provides overcurrent (OC) 
protection when used with either current sensing IGTs or 
MOSFETS. OC can also be implemented by using low 
impedance shunts with noncurrent sensing power output 
devices, Figure 4. 


Clamp CL1 in Figure 4 provides overvoltage protection for 
current sensing structures during switching intervals, and pro- 
tects the comparator from any voltage transients due to exter- 
nal lead inductances. To avoid nuisance OC trips caused by 
reverse recovery current during turn-on transitions, the com- 
parator’s output is blanked for approximately 3ps. 


System Performance 


The half-bridge test circuit in Figure 5 was built to demon- 
strate the SP600 as a high frequency driver of MOSFETs. 
The load is referenced to one-half the battery voltage, allow- 
ing bidirectional load current. This circuit characteristic emu- 
lates power configurations of half bridges with split supply or 
full bridges implemented with multiple HVICs. 


RoiscHARGE 


13-44 


Application Note 8829 


FIGURE 4. POWER OUTPUT SECTION INTERFACING WITH NONCURRENT SENSING MOSFET OR IGT. 


For ultimate switching speed, no additional series gate 
impedances were used. Peak MOSFreT gais charge and 
discharge current waveforms of 400 and 510mApg¢, respec- 
tively, were observed, Figure 6. 


High frequency, high voltage operation requires that upper 
rail drive and level translator circuitry be immune to high dv/ 
dt, as this section floats with respect to Voy7/PHASE. Inter- 
junction capacitance can dynamically inject displacement 
currents, raising havoc in circuit performance or even caus- 
ing catastrophic failures, including the breakdown of voltage 
‘ isolation tubs or latch-up in adjacent four layer structures. 


At rail voltages of 200Vpc¢ to 400Vp¢, rise and fall transitions 
Of Vou7/PHASE were measured in the 20ns to 35ns region. 


© 
AS 


3.3 


0.22 


The HVIC operated flawlessly while being subjected to out- 
put swings boyond 11,000V per us. Figure 7 demonstrates 
the HVIC’s ability to sustain such dv/dt when driving IRF820 
devices. 


IRF 842s were driven at 130kHz in this same half-bridge cir- 
cuit, Figure 8. The ultimate switching speed of the SP600 
series HVIC will depend on gate capacitance and the duty 
cycle limits dictated by the minimum lox and lor times. A 
minimum Ion time (1.6ps to 3.1418) ensures time for refresh, 
while a minimum lorg time (1.3u1s to 3.4418) prevents simulta- 
neous conduction by allowing for gate discharge prior to an 
opposite Ioy pulse. The same promising technology has 
been shown to operate a half-bridge resonant converter at 
frequencies up to 600kHz.® 


IN 2200 


2200 


FIGURE 5. HALF-BRIDGE TEST CIRCUIT 
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FIGURE 6. GATE-CURRENT WAVEFORMS DRIVING AN IRF820 


Vertical: 50V/div. 
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FIGURE 7. Voy TRANSITION AT TURN ON OF LOWER IRF820 
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FIGURE 8. OUTPUT LOAD CURRENT AT 130kHz USING 
IRF842s 


Semicustom Capability 


The SP600 family can be customized by inexpensive, final 
metal mask alterations. Application specific designs are pos- 
sible for variations in the following parameters: 


e¢ Minimum lon/lo¢r¢ pulses | 

¢ OC trip response time 

¢ Input signal conditioning filters 
° OCtriplevel 


¢ Inclusion of RoHarRGe/DISCHARGE 
* ITIP SELECT boost level 


e FAULT reset timer 
Other system related options include: 


¢ Input protocol 
e Automatic FAULT reset 
¢ Ability to disable the automatic refresh algorithm 
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Appendix 
Timing Waveforms (See page 6) 


Although both SP600 and SP601 timing diagrams are shown 
the SP601 was chosen to provide further explanation. 


to<t<t,; At ty, with the enable high, the outputs are simulta- 

. neously commanded to switch from lower to upper 

which is also known as Bistate operation. After delay 

torrp, the lower is turned off, followed by the uppers 

turned on. Dead time, tp, the difference between the 

lower off transition to the upper on transition is internal- 

ly set. Since this timing sets the margin of safety for si- 

multaneous conduction, it’s the user’s responsibility to 

ensure that proper externa! gate impedance is selected 

to ensure ample time for power transistor orchargngids: 
charging. 


The lower is turned on at t, and continues for a relative- 
ly long period, long enough that at ae an automatic re- 
fresh will be invoked. 


ty <t<t 
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The HVIC has blinded itself to the logic inputs during 
this refresh mode. The upper is turned off, with its as- 
sociated turn off delay, to¢rp. After the fixed dead time, 
tp, the lower is briefly turned on, ton, providing a 
charge refresh path for the bootstrap capacitor, Cp 
Once again the dead time is observed before turning 
the upper back on again and restoring control to the 
user inputs. This refresh cycle can be detected as a few 
ps wide pulse of lower MOSFET/ IGT current. 


The upper remains commanded on for a period of time 
less than tper At ty, the UP/DOWN time is brought low, 
commanding a lower turn on. Similar to the to-t, inter- 
val, the upper turns off after delay to¢r¢p and the lower 
turns on after the dead time, tp 7 


The SP601 is disabled by the ENABLE line low at ts. 
Previously conducting lower turns off after its delay, 
torrp: Since the ENABLE line was previously brought 
low and neither output transistors are conducting, 
termed as tristate mode. The state of the output phase 
waveform remains unknown. At tg, the ENABLE is once 
again pulled high. The lower turns on after delay, tonns. 


At t;, the SP601 is disabled and the UP/ DOWN line is 
toggled to the upper position. The lower turns off and the 
power devices go into a tristate mode. At tg, upper turn 
on sequence begins. Since the auto one shot hasn't 
timed out yet, the turn on delay, tonpg, is relatively short. 


The chip shuts off as the ENABLE line is brought low at 
ty, and is enabled again at t;) as the UP/DOWN line 
had remained high. Since the disable period was long 


_and the refresh one shot had timed out, the turn on de- 


lay, tonpt iS slow. Keep in mind that the delay time in- 
cludes the time for automatic refresh. In an attempt to 
not further complicate the drawing, the detailed refresh 
cycle isn’t actually shown. 


try <t<ty 


ty <t<tyg 


tis <t<tye, 
tig <t< tig 


tig <t<ty7 


Both inputs are brought low at t,, for a duration longer 
than tpee At ty3 the ENABLE is restored, initiating the 
turn on sequence for the lower. This follows a long period 
of time where the one shot had timed out, but in this case 
the lower is commanded on. Since it doesn’t need the re- 
fresh algorithm, the turn on delay, tonpp, is fast. 


This sequence of events depicts the detection of a low- 
er overcurrent trip. Between t,3-t,4, the lower is on. Be- 
yond the filter delay, tor¢ezy, the overcurrent trip shuts 
off the lower driver. A fraction of a 1s later, tey, the flag 
report delay, FAULT goes low. 


By holding both ENABLE and UP/DOWN lines low for 
the required fault filter reset time, tay, the fault is 
Cleared. ; 


The upper is turned on and an overcurrent trip begins. 
Beyond the filter delay, torety, the overcurrent compar- 
ator shuts off the upper drive at t,7. Since the control 
logic can only communicate upwards, there is no direct 
means of reporting an upper trip. As the fault has been 
remotely captured by the floating upper section, shut- 
down has eccurred. The Phase or Voyz node will quick- 
ly fall to a diode drop below common due to inductive 
flyback current. Via the Vou7/VpHase Monitor this is de- 
tected as not being in agreement with the commanded 
input and reports the fault. Reporting this phase out of 
status delay is tosyr 


SP600 Series Timing Diagram 
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Harris Intelligent Power 


Introduction 


The HIP2500 is a high voltage, high speed dual driver for 
MOS gated power devices. The drivers are isolated from 
each other, each controlled by an independent input line 
referenced to the system common voltage. The HIP2500 
was designed using the same proprietary technology which 
was started more than 5 years ago, resulting in the first 
products in the HVIC family, the SP600/SP601 Half-Bridge 
Drivers. Many of the benefits of the SP600/SP601 family 
also apply to the HIP2500. For example, these HVICs offer a 
very inexpensive means for driving an n-channel power 
switch from low side referenced logic without special isola- 
tion circuitry, such as optocoupler (not known for extreme 
reliability) or transformer means (often too expensive). 
Highly integrated low level logic and high-level drive circuitry 
minimize propagation delays, allowing higher switching 
frequencies and often lower switching losses than would be 
attainable using more conventional techniques. In addition to 
cost savings and performance increases, the HVIC simplifies 
and reduces the effort needed to design an efficient driver 
for MOS gated high and low side switches. Features specific 
to the HIP2500 are discussed below. 


The HIP2500 enjoys some features which the SP600/SP601 
lacks. These are a smaller 14 pin dip package, significantly 
higher output drive capability (2A peak) and lower transport 
delays from input to output. In order to maintain noise 
immunity, CMOS Schmitt triggered inputs with pull down are 
incorporated on all inputs. By shedding some of the features 
of the SP600/601 family such as over-current trip and shoot- 
through protection, the HIP2500 can operate at PWM 
frequencies as high as 500KHz depending on bus voltage, 
having gate rise and fall times of typically 23ns into 1000pF 
load. 


The blocking voltage of the HIP2500 has been increased to 
500Vpc in keeping with industry requests for 600V blocking 
capability for bridge components for use on rectified 230Vac 
lines. 


While the burden of shoot-through protection is now 
squarely with the user, the added flexibility of precise user 
gate control allows some other interesting circuit topologies. 
For example the double forward converter configuration pop- 
ular with power supply, stepper motor control and switched 
reluctance motor control can now be implemented. Capacitor 
Cr must be fully charged before turning the upper switch on 


the first time by holding the lower switch on long enough to 
charge Cr through the load impedance. See Figure 1. 


Va < 500V 


+15 Vop 


0.47pnF 


LOGIC GROUND 


FIGURE 1. DOUBLE FORWARD CONVERTER SCHEMATIC 


Also with the HIP2500 it is possible to drive a high side 
switch which can be switched independently from the low 
side switch. The load itself could supply initial bootstrap volt- 
age and an appropriate flyback diode would be required in 
parallel with the load to avoid severe negative excursions of 
the power switch’s source lead. An example of this is shown 
in Figure 2. 


Vp < 600V 
6 


HIN 
° 10 
SD 
11 
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> COM if ° 
uF 13 
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LOGIC GROUND POWER GROUND 


FIGURE 2. HIGH SIDE SWITCH OR “BUCK CONVERTER” 
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Description of the HIP2500 


The block diagram of the HIP2500 is shown in Figure 3. The 
HIP2500 is comprised of a ground referenced gate drive 
circuit and a high voltage bus referenced (floating) gate drive 
circuit. The input logic circuit for the high side driver incorpo- 
rates level translation circuitry to interface between the low 
voltage logic section and the high voltage logic section which 
controls the upper (or floating) gate driver. 


Vv CPP BPAAA ABAD AAA A DA ABPPAAPAAAMAABAATAAPMATPBAEBH Aas 9 Vv 


HIN 


eaaeaeCheeevueddjea 
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FIGURE 3. HIP2500 FUNCTIONAL BLOCK DIAGRAM 


Input Logic 


There are three inputs to the HIP2500; HIN controls the 
floating high side driver, LIN controls the low side (ground 
referenced) driver and SD which controls the “shutdown” 
function. All inputs pass through Schmitt buffers employing 
hysteresis with transition thresholds proportional to the logic 
supply Vpp- Slower or ramped inputs therefore are squared 
up before being passed to the level translation circuits, which 
translate the logic level inputs to signal levels compatible 
with the fixed driver (10V to 15V) supply. The level transla- 
tion circuit allows the ground reference of the logic supply 
(Vsg on pin 13) to swing plus or minus by a couple of volts 
with respect to the power ground (COM on pin 2) thereby 
enhancing noise immunity. 


Each channel, including the shutdown input, is independently 
controlled. The gate drive responds within a short (typically 
400ns) propagation delay of the input signal. In applications 
where deadtime is required to prevent conduction overlap or 
“shoot-through”, the Hl and LO input commands must be 
spaced by external circuitry. For example in a half-bridge 
configuration, where the upper and lower switches are series 
connected between the high and low sides of the power bus, 
effort must be taken to turn off each of the switches in 
advance of turning on the other. The designer must ensure 
that one switch is completely off before trying to turn on the 
other or high currents can flow through both, possibly leading 
to destruction of one or both power switches. Often a few 
passive components added ‘to delay switch turn-on without 
delaying turn-off can effectively control shoot-through (see the 
diode resistor parallel combination in Figure 4). As power 
levels and power switch devices become larger, passive 
techniques may become a more appropriate means to 


provide turn-on blanking of one switch while the other switch 
is turning off. 


Shutdown is accomplished by a logic level 1 at the SD input. 
This input must be at logic level O to “gate” the HIN and LIN 
inputs to their respective drivers. The SD logic also removes 
bias to the high voltage translation pulse circuits, thereby reduc- 
ing bias current to the HIP2500 when in shutdown mode. 


Vpop O 


SYSTEM 
CONTROL 


FIGURE 4. SIMPLIFIED SHOOT-THROUGH CONTROL 


Protection Features 


The HIP2500 is protected internally from insufficient boot- 
strap supply voltage (in the case of the upper floating driver) 
and insufficient bias supply voltage (in the case of the lower 
driver). Also circuitry is provided which allows the high volt- 
age power to be applied prior to the low voltage control 
power without inducing false gating from the HIP2500. 


The undervoltage circuitry functions differently for upper and 
lower drivers. The lower undervoltage lockout blocks drive to 
both upper and lower power switches. Upon reestablishment 
of proper lower supply voltage levels the drive signals are 
unblocked and gate drive to both upper and lower switches is 
reestablished provided the appropriate LIN and HIN signals 
are enabled. The upper undervoltage circuit controls only the 
gating of the upper (floating) switch which is latched off when 
an undervoltage is sensed. Latching is released when the 
upper undervoltage circuit is satisfied. A subsequent “on” 
pulse from the HIN terminal is necessary to trigger the upper 
switch. The HIN terminal must have previously gone low 
since all communications with the upper driver are “edge” 
triggered. The purpose for latching either driver off in the 
event of an undervoltage condition is to ensure direct control 
from the HIN input. Without latching, the undervoltage circuit 
could cycle at a frequency dependent upon the size of the 
bootstrap capacitor, gate capacitance, and undervoltage 
hysteresis levels. Latching the undervoltage detector 
provides in essence an “alarm” that an undervoitage 
condition has occurred. The circuit designer must pick 
values of bootstrap capacitance which avoids undervoltage 
triggering at the PWM design frequency. Guidance on 
choosing the right value can be found under “Floating 
Supply Considerations” later in this note. 
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Driver Circuits 


The driver circuits for the upper and lower gate drives are 
identical. Since it is desirable to provide the greatest possi- 
ble gate drive voltage consistent with the user supplied volt- 
age, p-channel mosfets have been used in the output stage 
of the drivers for sourcing gate current to the power device. 
Likewise, n-channel devices have been employed for sinking 
current from the gates of the power devices. This approach 
allows complete utilization of the Veg voltage and changes 
in mosfet threshold voltages with temperature will not reduce 
power device gate bias levels. 


The sink and source currents of the gate drivers are fully 
capable of supplying peak currents of at least 2.0A, which 
means that a power mosfet device with 3000pF gate source 
capacitance can be fully charged in 25ns. Discharge of the 
gate source capacitance will be slightly more rapid, since 
Rpson Of the sink driver is about 10% less than the source 
driver. 


The high side driver section is built into an “isolation tub” 
which is capable of floating +500Vp¢ above substrate poten- 
tial with respect to power ground (COM pin 2). Pin 6 (Vs) is 
the common potential for the upper drive circuitry and is the 
most negative voltage within the floating tub. Vp (pin 5) is the 
positive rail within the floating tub and is usually +15 above 
Vs. The gate drive output, HO (pin 7) swings between Vs 
and Vp according to the state of the HIN input pin. 


Floating Supply Considerations 


The floating supply which ties between Vg and Vs is sup- 
plied typically by a capacitor, Cr, referred to as the bootstrap 
capacitor. A fast recovery, low leakage diode, Ds, refreshes 
or charges this capacitor whenever the Vs terminal swings to 
common (see Figure 4). A low leakage, fast recovery diode 
should be chosen for the bootstrap diode and should exhibit 
low reverse recovery charge. Accomplish this by choosing a 
diode with a blocking voltage rating greater than 500Vp¢. For 
example, the Harris A114P diode is a high voltage 1A, fast 
recovery diode rated at 1000V blocking. It is used with great 
success on rectified 230Vac circuits where normally a 500V 
or 600V diode would be used. The high voltage diode results 
in a naturally lower junction capacitance than would be 
attainable in a comparable low voltage diode. 


The refresh charging “loop” is a circuit beginning at the Voc 
node and comprising the bootstrap diode (forward biased), 
the bootstrap capacitor, either the lower power device or the 
flyoack diode and the COM terminal. Normally Vg voltage will 
be one diode drop below the COM terminal whenever the 
upper power switch is turned off due to the inductive nature of 
the load current commutating from the upper switch to the 
lower flyback (or body) diode around the lower power switch. 
When no inductive load current is flowing through the lower 
flyback diode, then the Vg terminal voltage will operate at a 
' voltage above the COM terminal determined by the lower 
power device’s forward voltage drop. The ultimate voltage 
attained on the bootstrap capacitor is dependent on whether it 
was refreshed through the flyback diode or the lower power 
switch device. Lead inductance associated with the flyback 


diode can actually cause the Vs terminal to transiently go 5V 
to 20V below COM depending on dv/dt. This occurs when the 
upper switch is turned off very rapidly and the load current is 
rapidly commutated to the lower flyback diode. Although this 
can help to dump some charge very quickly onto the boot- 
strap capacitor, it can cause trouble with the HVIC if allowed 
to exceed more than about 4 volts. It is wise to minimize this 
inductance by tight power circuit layout practices. 


A number of considerations in the implementation of this 
bootstrap arrangement which must be kept in mind. The 
series inductance in the loop comprised of the bootstrap 
diode, capacitor and the Vcc supply and COM return path 
must be kept very low. Ideally under normal conditions the 
charging time for refreshing the capacitor is short. This must 
be so when very high PWM duty cycles are desired. In fact 
overmodulation must be avoided so that approximately 1 to 2 
secs is reserved for refreshing the bootstrap capacitor. The 
actual time required depends on the series resistance of the 
bootstrap loop, the series inductance (hopefully near zero) 
and the size of the bootstrap capacitor. An upper limit on the 
PWM frequency is then given by: 


fpwau S$ (1 - DC) 
tREF 
where: 
DC = Duty cycle fraction 
tre = refresh time (sec.) 
-tpwy = PWM frequency (Hz) 


Another consideration in the design of the bootstrap circuit 
concerns the sizing of the bootstrap capacitor. If it is 
assumed that all of the gate charge comes from the boot- 
strap capacitor, which is a good assumption, then enough 
charge must be placed on the bootstrap capacitor such that 
when it “dumps” the turn-on gate charge to the power switch, 
there is still enough voltage on the bootstrap capacitor such 
that undervoltage lockout is not triggered. For turn-on gate 
charge of Qg, flying capacitor of Cr, supply voltage Vcc and 
final gate voltage Vg (which must be greater than the maxi- 
mum value for the undervoltage trip threshold), the minimum 
bootstrap capacitor is given by: 


Ce > Qe6 


Voc - Ve 


The above assumes an inductive load which would tend to 
cause the bootstrap diode drop to be approximately can- 
celled by the drop associated with the body diode (mosfet) or 
flyback diode in parallel with an IGBT. If the load is not some- 
what inductive, the bootstrap diode drop must be subtracted 
from Vcc along with any drop associated with the lower 
switch. The effects of leakage current in the reverse biased 
bootstrap diode and the small quiescent bias current of the 
unner driver circuit must be taken into account when sizing 
Ce Therefore the sum of the above currents and the charge 
removed from Cre in charging the gate capacitance, Qc: 
determines the minimum size of Ce Therefore: 


Cr > Qe + (lags + IR) * ton(max) 


Vcc - Ve 
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The previous discussion on refreshing has been made with a 
half-bridge or “totem-pole” configuration of the power 
switches in mind. Other topologies are of interest such as the 
“double forward converter’ configuration shown in Figure 1. 
Once current is established in the inductor of the double for- 
ward converter, simply turning off the switches causes the 
inductor current to freewheel through the commutating 
diodes. The Vs lead will be pulled to approximately a diode 
drop below COM while the inductor current ramps to zero. 


This action will charge the bootstrap capacitor in all cases 
but those wherein the inductor current is minute. During 
start-up when there is no current in the inductor, it is neces- 
sary to precharge the bootstrap capacitor. This can be 
accomplished in a number of ways, but one can simply turn 
on the lower MOSFET or IGBT long enough to charge up the 
capacitor. Voltage overshoot due to the resulting series RLC 
circuit will be clamped by the internal zener clamps and/or 
the substrate diode within the HIP2500. Alternatively, a small 
auxiliary MOSFET can be placed around the lower flyback 
diode and driven by an inveried LO gate drive signal. When 
se lower is turned “off”, the auxiliary MOSFET will be turned 

n” thereby supplying a charging path for the bootstrap 
ce 


The buck converter (Figure 2) is another possible application 
for the HIP2500. With this type of converter configuration, as 
soon as the HIP2500 bias supply power is applied, the boot- 
strap capacitor will be charged through the load impedance. 
After having waited for complete charging of the capacitor, it 
is then possible to operate the HIP2500 normally. Subse- 
quent refreshing will occur each time the buck converter 
switch is turned off which it must do in order to refresh the 
bottstrap capacitor. 


Level Shifting Circuits 


As shown in Figure 4, the high side channel input commands 
require level shifting from a level near COM to a level near 
that at which the high voltage tub is floating, which can be 
500V. The on/off commands for the high side are trans- 
formed into narrow current source commands which sink 
current through burden resistors in the high side circuit. After 
squaring up these pulses they are “and” gated with the out- 
put from the under voltage circuit and latched pelere being 
sent to the driver section. 


Switching dv/dt as high as 50V/ns is possible with the 
HIP2500. Also, when the upper switch is turned off, the short 
lived negative excursions of the Vs terminal due to so-called 
“forward recovery” and lead wire inductance in series with 
the upper and lower power switches will not cause problems 
with HIP2500 operation. 


Power Dissipation 


Power dissipation in the HIP2500 results from static losses 
and switching losses. The static losses are due to the bias 
supply in both upper and lower driver sections and leakage 
losses in the high voltage level translation transistors. The 
sum of all these losses at 15V is approximately 19.5mW at 
+25°C. At +125°C these losses are not normally over 30mW. 


The dynamic losses are due to low voltage and high voltage 
switching losses. The low voltage switching losses derive 
primarily from the upper and lower driver output stages. The 
energy required in charging and discharging the gate of the 
power switches must flow throuah the resistance in the gates 
of the power devices, the Roso, of the driver output stage, 
and all of the lumped wiring and connection and supply 
sources resistances. The sharing of these resistances 
between the HIP2500 and the external source and switch 
devices must be known before an accurate calculation of 
losses can be attempted. The maximum total loss can easily 
be calculated once the PWM frequency, supply voltage and 
power device gate charge i is known: — 


Pariver = 2 * fpwa * Qg * Voc Watts. 


The high voltage switching losses are due predominantly to 
the level translation transistors. These losses are a function 
of the PWM frequency, the level translation current and pulse 
width and the bus and Vcc voltages. The level translation 
power dissipation then is: 


Preval trans. = fpwy * (Vs + Voc) ° 8 x 10 “9 Watts 


Prorat = Pstatic + Poriver + PLevet TRANS 
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APPLICATION 


Harris Semiconductor 


| 


No. 9105.1 May 1992 


HVIC/IGBT HALF-BRIDGE CONVERTER 
EVALUATION CIRCUIT 


The HVIC high voltage integrated circuit is designed to drive 
n-channel IGBTs or MOSFETs in a half-bridge configuration 
up to 500Vpc. Power supply and motor control inverters can 
be configured for voltages up to 230Vac using the HVIC, 
IGBTs and a few other components. 


A few precautions should be taken in using the circuit. Lead 
lengths between the external power circuit (including gate 
and pilot leads), the 15V bypass capacitor (Cpp), the boot- 
strap diode (Dr) and capacitor (Cf) and the HVIC should be 
minimized. | 

The basic components required to evaluate the features of 
the SP601 are shown in the simplified schematic. The rec- 
ommended load is largely resistive so that the largest’ cur- 
rent component will flow through the IGBTs, IGT1 and IGT2. 


The flyback diodes, D1 and D2, rated 8A, will carry a much 
smaller flyback current component. A small amount of load 


. 


a 
M 
) 


| 
wee 


( 


Harris Intelligent Power 


inductance will cause the switching waveforms to simulate 
the conditions which would normally.be observed with motor 
or transformer loads, while limiting the current carried by the 
lower rated flyback diodes in this circuit. 


The values for Reua, Reyp, etc., have been chosen to result 
in overcurrent trip at approximately 25Apk. At this level of 
current, heat sinking for the IGTs and flyback diodes is 
required. The series resistance of the upper and lower pilot 
resistor dividers would be approximately 1KQ; the divider 
ratio should cause 0.1V at the tap at the desired trip current. 


When first energizing your evaluation circuit, begin with a 
reduced bus voltage of about 20Vpc¢ to 30Vpc¢ to verify proper 
Circuit operation before proceeding to higher voltages. 


More specific information can be found in File Number 2428 
and File Number 2429 Half-Bridge 500Vpc Driver data 
sheets and in the Application Note, AN-8829.1. . 


Simplified Schematic 


25vpc S Vink 3 500Vpc 


Dr IGT a 
Appa 
mn VBIAS 
15V = PULSE a 
GEN ruse we — “i = 
+15V 2 
(ry) Vout C1 Re 
wee ay 
v es 1 eS ae 
FAULT aaa b2 Lb 
7 oy Pn . ™ 
HVIC git 
G2L 
™ ——1 ENABLE CLi 
| ee : 
| Vop Vsg_ TRIPL | “LINK = 


Cop s 10pF 


HVIC - Harris Part # SP601 (Formerly GS601) 
IGT1, 2- Harris Part # HGTA24N60D1C 


Copyright © Harris Corporation 1992 


D1, 2 - Harris Part # RUR860 
Dr; - Harris Part # A114M 


Reus Reta - 9100, 1.8W 
Reup» Rpip - 680, 1.8W 


C1 - 0.1p1F, 600Vp¢ 
R, - 200, 3KW 13 -50 
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DIMENSIONS & 
MOUNTING HDWRE 


Dimensional Outlines 


symeo.| INCHES MILLIMETERS | NOTES 
pwn [| max | min | max | 


JEDEC TO-202 MODIFIED 


OO er Ser adecd ad a 


WOTES: 7. Packages contour opticna! within 
dimensions specified. 


2. Lead dimensions uncontrolled in this zone. 


JEDEC TO-204AA 
SE ANE: " [INCHES [| MILLIMETERS _ 
PLANE SYMBOL MILLIMETERS NOTE 
ob 
#0 


DIMENSIONS & 
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__ JEDEC TO-204AE 


SEATING : R| 
PLANE 


a 
Twin. | MAX. [7 MIN. | MAX 


0.141 NOM 
wee 0.420 | 0.440 


0.225 
0.135 


0.205 
0.060 
0.440 0.480 
0.151 0.161 
1.187 BSC 


+8 


0.495 
0.131 
0.655 


0.525 
0.188 
0.675 


JEDEC TO-205AF | | 
SEATING Sa} EBS notes. 


0.200 BSC 5.08 BSC 


0.160 0.180 4.07 4.57 
0.016 0.021 0.41 0.53 
—— 0.016 0.019 0.41 0.48 
ia 0.340 0.370 8.64 9.39 
$04 0.315 0.355 8.01 9.01 
eP 0.009 0.041 0.23 1.04 
| 0.028 0.034 0.72 0.86 
0.029 0.045 0.74 1.14 
0.500 0.750 12.70 
MEASURING POINT _ 0.050 —_ 
Notes: 0.250 _ 6.35 
1. Dimension k measured from ¢D maximum. 0.070 _ 1.78 
2. @Dz shall not vary more than 0.010 In Zone P. This zone os 0.050 = 
controlled for automatic handling. 45° NOMINAL 


3. Details of outline In this zone optional. 

4. Leads at gauge plane 0.054-0.055 below seating plane shall be 
within 0.007 radius of positional tolerance at MMC relative to 
tab at MMC. Device may be measured by direct methods or by 
gauge and gauging procedure described on JEDEC gauge 
drawing GS-1. 

5. pb2 appiles between Ly and Lo. ob applies between Lo andL 
minimum. Diameter is uncontrolled in Ly and beyond L 
minimum. 


90° NOMINAL 
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JEDEC TO-218AC 


BODY MOLDING 
FLASH MAY 

EXIST IN THESE 
AREAS 


TOP VIEW 


NOTES: 

1. Tab outline optional within boundaries of dimensions E andR. 

2. Lead dimensions uncontrolled in L4. 

3. Maximum radius of 0.050” on all body edges and corners. 

4. Position of lead to be measured 0.185-0.190" from bottom of 
dimension D. 

5. Controlling dimension: Inch. 


JEDEC MO-093 


ee 
| MIN. | MAX. | MIN. | 


Y4 


BODY MOLDING 


L FLASH MAY 
EXIST IN THESE 
AREAS 
3 
i | — 
Q 
b e 
e€2 Lid 
e4 08 = 
n 
ae 
NOTES: o oo 
1. Tab outline optional within boundaries of dimensions E and R. 4. Position of lead to be measured 0.185-0.190" from bottom o a = 
2. Lead dimensions uncontrolled in L4. dimension D. = = 
3. Maximum radius of 0.050” on all body edges and corners. 5. Controlling dimension: inch. = = 
= 
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JEDEC TO-220AB 


-ISYMBOL | INCHES MILLIMETERS 


NOTES 


¢P 
Q 
0 
L4 
A, Eigedeee 
L 
60° NOTES: 1. These dimensions are within allowable 


dimensions of revision J of JEDEC 
TO-220AB outline dated 3-24-87. 


2. Position of lead to be measured 
0.250-0.255 (6.350-6.477mm) from case. 


JEDEC TO-220AC 


INCHES MILLIMETERS 
A SYMBOL NOTES 
isiodel Rscee! eeluaw Bsua 
F 


A |0.140]0.190| 3.56 | 4.82 
b | 0.020] 0.040] 0.51 | 1.02 
b, | 0.045] 0.070] 1.14 | 1.77 
c, | 0.014} 0.022] 0.36 | 0.56 
D | 0.560 | 0.625 | 14.23 | 15.87 
E | 0.3801 0.420| 9.66 | 10.66 

- |0.030! - | 0.76 
e, | 0.190] 0.210] 4.83 | 5.33 | 2 
F 10.045] 0.055] 1.14 | 1.39 
H, | 0.230] 0.270] 5.85 | 6.85 
- [0.160] - | 4.19 
J, | 0.080] 0.115] 2.04 | 2.92 
L | 0.500 | 0.562 | 12.70] 14.27 


L, : 0.250 - 6.35 

L; : 0.110 - 2.79 

| gP | 0.139] 0.153] 3.53 | 3.89 
0.100] 0.135} 2.54 | 3.43 


NOTES: 
1. These dimensions are within allowable dimensions of 
revision J of JEDEC TO-220AC outline dated 3-24-87. 


2. Position of lead to be measured 0.250-0.255 inches 
(6.350-6.477mm) from case. 
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JEDEC TS-001 


Erueoi] —_Nones [MILLIMETERS Tore 
Twin. | Max | MIN, [MAX 


ee ae 
SYMBOL | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | 


4.06 


TERMINAL CONNECTIONS 
Lead No. 1 - Gate 

Lead No. 2 - Current Sense 
LeadNo. 3 - Drain 

Lead No. 4 —- Source Kelvin 
Lead No. 5 - Source 
Mounting Flange - Drain 
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JEDEC TS-001 HORIZONTAL MOUNT (HM) LEADFORM 


MILLIMETERS | 


svuaot.| ww, [wve. [wax | win, [rve. [wax] 
- 4.06 


0.190 


a TERMINAL CONNECTIONS 
Lead No. 1 - Gate 
Lead No. 2 - Current Sense 
Lead No. 3 - Drain 
Lead No. 4 - Source Kelvin 
Lead No. 5 - Source 


Mounting Flange - Drain 


JEDEC TO-247 Style 


————+ 


SYMBOL | | _ INCHES MILLIMETERS 


NOTES 


5.56 BSC 


NOTES: 


1. Lead dimension (without solder). 
2. Add typically 0.006 inch for solder coating. 
3. Lead and body finish uncontrolled in L, 


AY 
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4-PIN DIP 


Pees | mere pera | 
ain [wa [mn [MAK 3 


SYMBOL 


Z2SrAcCTONMOOD>YD 


JEDEC TO-251AA 


| INCHES MILLIMETERS 


0.086 
1 


0.035 
0.027 
0.033 
0.205 
0.018 
0.018 
0.235 
0.250 


0.090BSC 


0.355 | 0.375 
0.075 | 0.090 
0.035 | 0.050 
0.045 | 0.060 


‘ J 1. Lead dimension uncontrolled in L;. 
2. Controlling dimension: inch. 


DIMENSIONS & 
MOUNTING HDWRE | 
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JEDEC TO-252/AA 


Bi dl 
sat a me sil 


0.090 BSC 2. 286 BSC 
0.180 BSC | . 4.572 BSC 


0.370 | 0.410 | 9.398 | 10.41 
4 0.020 typ | 0.508 typ - 
| | 0.025 | 0.040 | 0.635 | 1.016 
(6.7) | 0.035 | 0.050 | 0.889 | 1.270 
- 0.265 | re 0.045 | 0.060 | 1.143 | 1.524 
1. Lead dimension uncontrolled in L,. 
2. D, and E, establishes a minimum mounting surface for 
terminal 4. 


3. Lis the terminal length for setisdiia: 
4. Controlling dimension: inch. 


0.118 |0.070 


MINIMUM PAD SIZES RECOMMENDED FOR 
. SURFACE-MOUNTED APPLICATIONS 


JEDEC TO-254AA 


0.150 BSC 3.81 BSC 
0.035 {| 0.045 0.89 1.14 


0.790 | 0.800 20.07 20.32 
0.535 | 0.545 13.59 |. 13.84 
0.150 BSC 3.81 BSC 
0.535 | 0.545 13.59 13.84 
1.195 | 1.236 | 30.35 31.40 
0.665 | 0.685 16.89 17.40 


ne 0.139 0.149 3.53 3.78 


1. Roles to applicable ois list. 
2. Dimensioning and tolerancing per ANSI. v1. 5. Mu. 1982. 
3. Glass meniscus included In Dim. D and E. 

4. Controlling dimension: inch. 
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E _- 2 SCREWS, 6-32 


DF377A 
MICA INSULATOR 


HEAT SINK. 
(CHASSIS) 


DF378F 

2 NYLON INSULATING 
BUSHINGS 

1, D. = 0.156 in. (4.00 mm) 
SHQULDER DIA. = 0.250 in. 
(6.40 mm) MAX., 
SHOULDER THICKNESS 

= 0.050 in. (1.27 mm) MAX. 


2 METAL WASHERS 


2 LOCK WASHERS@3 
2 HEX. nutsQep 


2SOLDER Luss) 


2 HEX. NUTS 


NOTE: MAXIMUM TORQUE APPLIED TO MOUNTING 
FLANGE IS 8 intbs. (0.09kgt/m) 


Suggested mounting hardware for JEDEC TO-204AA 


: SCREW, 4-40 
E-— 


DFS5S47A 
MICA INSULATOR 
HOLE DIA. = 0.088-0.093 IN. 


Va (2.24-2.36 mm) 
INTERLEAD SPACING 
= 165 MILS NOM. 
HEAT SINK 
(CHASSIS) 
DF546A 
INSULATING SHOULDER WASHER 
OQ- 10. = 0.118 IN. (3.00 mm) 
SHOULDER DIA = 
METAL WASHER 0.150 IN. 3.8 (mm) MAX. 
LOCK WASHER @& 
HExNUT G&D 
SOLDER LUG 2 
HEXNUT G&D 


NOTE: MAXIMUM TORQUE APPLIED TO MOUNTING 
FLANGE IS 8in/bs. (0.09kgt/m) 


Suggested mounting hardware for JEDEC TO-218 
and JEDEC MO-093 


Mounting Hardware 


2 SCREWS, 6-32 


DF238A 
MICA INSULATOR 


HEAT SINK 


J 


DF378F 

2 NYLON INSULATING 
BUSHINGS 

1.D. = 0.156 (4.00) 
SHOULDER DIA. = 0.250 
(6.40) MAX., 

SHOULDER THICKNESS 
= 0.050 (1.27) MAX. 


ee 


2 METAL WASHERS 


2 LOCK WASHERS iS) 


©; 


2 HEX. NUTS 'Q— 


1 SOLDER LUG 


2 HEX. NUTS YTEY 


Suggested mounting hardware for JEDEC TO-204AE 


SCREW, 6-32 


NR231A 
RECTANGULAR METAL 
WASHER 


DF103B 

MICA INSULATOR 

HOLE DIA. = 0.145-0.141 in. 
(3.68-3.58 mm) 


HEAT SINK 
(CHASSIS) 
DF378F 
1.0. = 0.156 in. (4.00 mm) 


SHOULDER DIA. = 
0.250 in. 6.35 (mm) MAX. 


METAL WASHER 


LOCK WASHER (3 


HEX NUT 2) 
eo 


SOLDER LUG 


eS 
HEXNUT SY 


NOTE: MAXIMUM TORQUE APPLIED TO MOUNTING 
FLANGE IS 8 in.:Ib. (0.09 kgf-m) 


Suggested mounting hardware for JEDEC TO-220 
and JEDEC TS-001 
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INSULATING SHOULDER WASHER 
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Surface-Mounted Devices Mounting and Handling Considerations 


General — Since the external epoxy portions of the TO- | 


251AA and TO-252AA surface-mounted devices are much 
smaller than on conventional transistor packages, these 
devices are often more susceptible to high-temperature/ 
high-humidity conditions. Thus, these surface-mounted 
devices should be coated or encapsulated when used in 
high-temperature/high-humidity environment. 


Preheating — Both TO-251AA and TO-252AA “D-Pak” 
transistors must be preheated prior to being mounted on 
circuit boards. There are several methods of preheating, 
including use of an infrared heat panel, parabolic infrared 
lamp, or hot air circulation. Preheat the devices at 100- 
150°C for two minutes, raising the temperature as gradu- 
ally as possible, since the device pellets may be damaged 
by an abrupt thermal shock. 


Soldering — Both TO-251AA and TO-252AA transistors 
are specified for 250°C solder temperature for 20 seconds 
duration. It is important to use a solder with a melting 
temperature of 190°C or lower. In general, soldering con- 
ditions range from 220-240°C for 3-5 seconds. 


When using molten solder in the metal mask method, 


Gradual cooling 
(in the atmosphere) 


Preheating |Soldering 


IN 


20 sec. or less 


Temperature (°C ) 


2 min. or more 


Fig. 1 — Solder dip method. 


avoid uneven printing and deformation. Recommended 
uniform solder printing thickness is at least 200um to 
ensure lead wire solderability. : 


When using a soldering iron to mount a device to the cir- 
cuit board, care should be taken to avoid damage and/ 
or dislocation of the device. (For this reason, soldering 
irons are recommended only for experimental or repair 
work.) For proper bonding, the soldering iron tip should 
be 1mm or less in diameter, and 250°C for 3 seconds or 
less. Never touch the epoxy package with the soldering 
iron. 


Figures 1 and 2 show the relationship between soldering 
temperature and preheating time for various device mount- 
ing procedures. 


Flux removal — After surface-mounted devices have been 
soldered to the circuit board/substrate, excess flux must 
be removed to prevent corrosion of the device and lead 
wires. Organic flux may be removed by rinsing; but inor- 
ganic flux must be cleaned with an olefin cleaner such as 
Freon TE or Di-Freon Solvent S3-E. 


7 Gradual cooling 


Va 


20 sec. 
2 min. or more | or less 


Temperature (°C ) 


Fig. 2 — Reflow solder method. 
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2-3W. Figure 3 illustrates the maximum power dissipation 
for either the D72F5T1 or the D73F5T1 transistor mounted 
The relationship between maximum power dissipation and 
pulse width under transient conditions for typical TO- 
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Maximum power dissipation for the TO-251AA is 1W; 
however, when the TO-252AA is mounted directly to a 
ceramic substrate, the power dissipation is increased to 
Certain circuit designs (such as motor drives and flash cir- 
cuits) require devices to be rated for transient conditions 
as well as for their overall power dissipation capability. 


Surface-Mounted Devices Power D 
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SALES OFFICES 


A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is on 15-2 through 15-8. 
HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS EUROPEAN HEADQUARTERS 
Harris Semiconductor Harris Semiconductor 
1301 Woody Burke Road ~ Mercure Centre 
Melbourne, Florida 32902 100 Rue de la Fusse 
TEL: (407) 724-3000 1130 Brussels, Belgium 

TEL: (32) 2-246-21.11 
SOUTH ASIA NORTH ASIA 
Harris Semiconductor H.K. Ltd Harris K.K. : 
13/F Fourseas Building Shinjuku NS Bidg. Box 6153 
208-212 Nathan Road 2-4-1 Nishi-Shinjuku 
Tsimshatsui, Kowloon Shinjuku-Ku, Tokyo 163-08 Japan 
Hong Kong TEL: (81) 03-3345-8911 


TEL: (852) 3-723-6339 


POWER MOSFET PRODUCTS TECHNICAL ASSISTANCE AVAILABILITY: 


UNITED STATES CALIFORNIA Costa Mesa...... 0... cece e. 714-433-0667 
SAN JOSE visas rg Na ae ewines 408-922-0977 
Woodland Hills...........0 00. 818-992-0686 
FLORIDA Melbourne .........000eeeee. 407-724-3551 
GEORGIA Norcross eee ee ree he 404-447-9022 
ILLINOIS Schaumburg ..........eeeee- 708-240-3499 
MASSACHUSETTS Burlington.............seeee: 617-221-1850 
NEW JERSEY Mt. Laurel... ... 00 .cce eee e ee. 609-727-1909 
NEW YORK Great Neck...............00. 516-829-9441 
‘TEXAS Dallas. . 0.0... cccceceeeeeees 214-733-0800 
INTERNATIONAL FRANCE Paris... 0s. sc seeceeeeeeeeees 33-1-346-54046 
GERMANY Munich. .......... 000 e esas. 49-8-963-8130 
HONG KONG Kowloon... eee. eee eee ee eee 852-723-6339 
ITALY Milano ...... cc cece eee ee eee ', 39-2-262-22141 
JAPAN TokyO...... sec eeeee ease 81-03-345-8911 
KOREA SCOUl sh pisos ins oak ace eed 82-2-551-0931 
UNITED KINGDOM Camberley..........eeeeeee. 44-2-766-86886 


SALES OFFICE — 
INFORMATION 
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North American Sales Offices and Representatives 


ALABAMA | 


Harris Semiconductor 
Suite 103 

Office Park South 

600 Boulevard South 
Huntsville, AL 35802 
TEL: (205)-883-2791 
FAX: 205 883 2861° 
Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 ~ 


ARIZONA 


Compass Marketing & Sales, 


Iric. 

11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 


P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 557-0580 
FAX: 602 557 0581 


CALIFORNIA 


* 


2 


* 


Harris Semiconductor 
Suite 320 

1503 So. Coast Drive | 
Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 
Harris Semiconductor 
Suite 308 

5250 W. Century Bivd. 
Los Angeles, CA 90045 
TEL: (310) 649-4752 
FAX: 310 649 4804 


Harris Semiconductor 
Suite 200 

2460 N. First St. 

San Jose, CA 95131 
TEL: (408) 922-0977 
FAX: 408 435 0312 


Harris Semiconductor 
Suite 350 

6400 Canoga Ave. 
Woodland Hills, CA 91367 
TEL: (818) 992-0686 
FAX: 818 883 0136 

CK Associates 


8333 Clairemont Mesa Blvd. — 


Suite 102 

San Diego, CA 92111 
TEL: (619) 279-0420 
FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: 916-885-6591 
FAX: 916 885 6594 


Harris Microwave 
Semiconductor Products 

Harris Microwave 
Semiconductor 
1530 McCarthy Blvd. 
Milpitas, CA 95035 
TEL: (408) 433-2222 
TWX: 910 336 2247 
FAX: 408 432 3268 


Gray & Steward, Inc. 
1054 Whispering Pines Dr. 
Scotts Valley, CA 95066 
TEL: (408) 439-8905 

FAX: 408 439 9001 


CANADA 
Blakewood Electronic 

_ Systems, Inc. 
1A - 12880 Bathgate Way 
Richmond, BC Canada 
Canada V6V 1Z4 
TEL: (604) 273-9910 
FAX: 604 273 1483 
Clark Hurman Associates 
Unit 14 
20 Regan Road 
Brampton, Ontario 
Canada L7A IC3. 
TEL: (416) 840-6066 
FAX: 416 840-6091 


66 Colonnade Rd. 
Suite 205 

Nepean, Ontario 
Canada K2E 7K7 
TEL: (613) 727-5626 
FAX: 613 727 1707 


4 Chester 

Pointe Claire, Quebec 
Canada HOR 4H7 
TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Marketing 
Suite 350D 
5600 So. Quebec St. 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 


CONNECTICUT __ 
Advanced Tech Sales, Inc. 
Westview Office Park 
Bidg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (203) 284-0838 
FAX: 203 284 8232 


Harris Semiconductor 
300 6th Avenue, North 


Indian Rocks Beach, FL 34635 


TEL: (813) 595-4030 
FAX: 813 595 5780 


GEORGIA 


* 


Giesting & Associates 
Suite 108 

2434 Hwy.120 
Duluth, GA 30136 

TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS — 


® 


Harris Semiconductor 
Suite 600 

1101 Perimeter Dr. 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


Oasis Sales 

1101 Tonne Road | 

Elk Grove Village, IL 60007 
TEL: (708) 640-1850 

FAX: 708 640 9432 


INDIANA | 


Harris Semiconductor 
Suite 100 

11590 N. Meridian St. 
Carmel, IN 46032 

TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 


Advanced Technical Sales 
Inc. 

375 Collins Road, NE 
Cedar Rapids, IA 52402 
TEL: (319) 393-8280 

FAX: 319 393 7258 


Oasis Sales. 

Suite 203 

4905 Lakeside Dr., NE 
Cedar Rapids, |A-52214 
TEL: (319) 377-8738 | 
FAX: 319 377 8803 


KANSAS 


FLORIDA 
Harris Semiconductor 
* 1301 Woody Burke Rd. 
Melbourne, FL 32902 
TEL: (407) 724-3576 
FAX 407 724 3130 


_ “Field Application Assistance Available 


Advanced Technical Sales, 


Inc. | 

Suite 8 

601 North Mur-Len 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
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Giesting & Associates 
212 Grayhawk Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 
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MARYLAND | 


New Era Sales, Inc. 

678 Ritchie Highway 
Severna Park, MD 21146 
TEL: (410) 544-4100 
FAX: 410 544-6092 


MASSACHUSETTS 


Harris Semiconductor 


* Suite 240 


3 Burlington Woods 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 2211866 — 


- Advanced Tech Sales 


Suite 102. 

348 Park Street 

Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 
FAX: 508 664 5503 


MICHIGAN 


Harris Semiconductor 


* Suite 460 


27777 Franklin Rd. 
Southfield, MI 48034 
TEL: (313) 746-0800 
FAX: 313 746 0516 


Giesting & Associates 
Suite 113 

34441 Eight Mile Rd. 
Livonia, MI 48152 

TEL: (313) 478-8106 
FAX: 313 477 6908 


6898 Curtis Dr. 
Coloma, MI 49038 
TEL: 616-468-4200 
FAX: 616 468 6511 


1279 Skyhills N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 


Oasis Sales 

Suite210, ti 
7805 Telegraph Road 
Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 


Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: 314 291 7958 


NEW JERSEY 


Harris Semiconductor 


* Suite 210 North 


6000 Midlantic Drive 
Mt. Laurel, NJ 08054 
TEL: (609) 727-1909 
FAX: 609 727 9099 


North American Sales Offices and Representatives (Continued) 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 M/S 13 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 
Tritek Sales, Inc. 

~ Suite 410 

One Cherry Hill 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 


Suite 109 

4100 Osuna Rd., NE 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 


NEW YORK 

Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Foster & Wager, Inc. 
69 Governeurs Lane 
Endicott, NY 13760 
TEL: (607) 748-5963 
FAX: 607 748 5965 

42 Redspire Way 

East Amherst, NY 14051 
TEL: (716) 688-7864 
FAX: 716 688-7864 


2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 


7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Bivd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


Harris Microwave 
Semiconductor Products 


KLM Garner 

46 Clinton St. 

P.O. Box C 

Clark Mills, NY 13321 
TEL: (315) 853-6126 
FAX: 315 853 3011 


111 Marsh Rd. 
Pittsford, NY 14534 
TEL: (716) 381-8350 
FAX: 716 385 2103 


NORTH CAROLINA 


Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 549-3600 
FAX: 919 549 3660 


New Era Sales 
Suite 203 

1110 Navajo Dr. 
Raleigh, NC 27609 
TEL: (919) 878-0400 
FAX: 919 878 8514 


OHIO 


Giesting & Associates 
P.O. Box 39398 | 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


North American Authorized Distributors 


CORPORATE OFFICES 
Arrow/Schweber 

25 Hub Dr. 

Melville, NY 11747 

TEL: (516) 391-1300 
FAX: 516 391 1644 
Almac Electronics Corp. 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 

TEL: (206) 643-9992 
FAX: 206 643 9709 
Anthem 

1160 Ridderpark Dr. 

San Jose, CA 95131 
TEL: (408) 453-1200 
FAX: 408 441 4500 


EMC (Electronics Mktg Corp) 
1150 West Third Avenue 
Columbus, OH 43212 

TEL: (614) 299-4161 

FAX: 614 299 4121 


Falcon Electronics 
5 Higgins Dr. 
Milford, CT 06460 
TEL: (203) 878-5272 
FAX: 203 877 2010 


Gerber Electronics, Inc. 
128 Carnegie Row 
Norwood, MA 02062 
TEL: (617) 769-6000 
FAX: 617 766 8931 


Suite 521 

26250 Euclid Avenue 
Cleveland, OH 44132 
TEL: 216-261-9705 
FAX: 216 261 5624 


2159 Riverhill Rd. 
Columbus, OH 43221 
TEL: 614-459-4800 
FAX: 614 459 4801 


OKLAHOMA 
Nova Marketing 
Suite 1339 
8125D East 51st Street 
Tulsa, OK 74145 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 665 3815 


OREGON 


Northwest Marketing Assoc. 


Suite 330 

$975 SW Sandburg Road 
Portland, OR 97223 

TEL: (503) 620-0441 
FAX: 503 684 2541 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL (412) 828-3553 
FAX: 412 828 6160 


TEXAS 
Harris Semiconductor 
" Suite 115 
17000 Dallas Parkway 
Dallas, TX 75248 
TEL: 214-733-0800 
FAX: 214 733 0819 
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Nova Marketing 
Suite 174 

8350 Meadow Rd. 
Dallas, TX 75231 
TEL: (214) 750-6082 
FAX: 214 750 6068 


Suite 180 

8310 Capitol of Texas Hwy. 
Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


Suite 206 

9207 Country Creek Rd. 
Houston, TX 77036 
TEL: (713) 988-6082 
FAX: 713 774 1014 


UTAH 


Compass Marketing & Sales 
4001 South 700 East 

Suite 500 | 

Salt Lake City, UT 84107 

TEI: (801) 264-6606 

FAX: 801 264 6601 


WASHINGTON 
Northwest Marketing Assoc. 


Suite 330N 

12835 Bel-Red Road 
Bellevue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


"Field Application Assistance Available 


Hall-Mark Electronics 
11333 Pagemill Rd. 
P.O. Box 222035 
Dallas, TX 75243 

TEL: (214) 343-5000 
FAX: 214 343 5988 


Hamilton/Avnet 


10950 W. Washington Blvd. 


Culver City, CA 90230 
TEL: (310) 558-2000 
FAX: 310 558 2809 (Mil) 
FAX: 310 558 2076 (Com) 


ITT Multicomponents 
300 North Rivermede Rd. 
Concord, Ontario 
Canada L4K 224 

TEL: (416) 798-4884 
FAX: 416 798 4889 
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Newark Electronics, Inc. 
4801 N. Ravenswood 
Chicago, IL 60640 

TEL: (312) 784-5100 

FAX: 312 784 5100 X3107 


Wyle Laboratories 
(Commercial & Military) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 © 
FAX: 408 727 5896 © 


Obsolete Products 


Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 © 


“SALES OFFICE 


INFORMATION 


North American Authorized Distributors 


ALABAMA 
Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 
Hall-Mark 
Huntsville 
TEL: (205) 837-8700 
Hamilton/Avnet 
Huntsville ; 
TEL: (205) 837-7210 


ARIZONA 
Anthem 
Tempe: 
TEL: (602) 966-6600 
Arrow/Schweber 
Tempe 
TEL: (602) 431-0030 
Hall-Mark. 
Phoenix 
TEL (602) 437-1200 


Hamilton/Avnet 
Chandler 

TEL: (602) 961-6411 
Wyle Laboratories 
Phoenix: : 
TEL: 1 437-2068 


CALIFORNIA 
Anthem 
Chatsworth 
TEL: (818) 700-1000 
E. Irvine 
TEL: (714) 768-4444 
Rocklin 
TEL: (916) 624-9744 
San Diego 
TEL: (619) 453-9005 
San Jose 
TEL: (408) 452-2287 
Arrow/Schweber 
Calabasas 
TEL:(818) 880-9686 
Irvine 
TEL: (714) 454-4372 
San Diego | 
TEL: (619) 565-4800 
San Jose 
TEL: (408) 441-9700 
TEL: (408) 432-7171 
Hall-Mark 
Chatsworth 


TEL: (818) 773-4500. 


Rocklin 

TEL: (916) 624-9781 
San Diego 

TEL: (619) 268-1201 
SanJose 
TEL: (408) 432-4000 
irvine 

TEL: (714) 727-6000 


Hamilton/Avnet _ 


- Costa Mesa 


TEL: (714) 641-6111 
Costa Mesa 

TEL: (714) 641-4100 
Gardena 

TEL: (310) 217-2046 
Culver City | 
TEL: (310) 558-2000 
Roseville 

TEL: (916) 781-6614 
San Diego 

TEL: (619) 571-7525 
Sunnyvale 

TEL: (408) 743-3300 
Woodland Hills 

TEL: (818) 700-6545 
Wyle Laboratories 
Calabasas 

TEL: (818) 880-9000 
Irvine 

TEL: (714) 863-9953 
Rancho Cordova 
TEL: (916) 638-5282 
San Diego 

TEL: (619) 565-9171 
Santa Clara 

TEL: (408) 727-2500 


CANADA 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 . 
Dorval, Quebec 

TEL: (514) 421-7411 
Nepan, Ontario _ 

TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (416) 670-7769 


Hamiiton/Avnet 
Burnaby, B.C. 

TEL: (604) 420-4101 
Mississaugua, Ontario 
TEL: (416) 564-6060 
Nepean, Ontario — 
TEL: (613) 727-7501 
St. Laurent, Quebec 
TEL: (514) 335-1000 . 
ITT Multicomponents 
Vancouver, 
TEL: (604) 291-8866 
Calgary, Alberta ; 
TEL: (403) 273-2780 
Concord, Ontario 
TEL: (416) 798-4884 
Edmonton, Alberta 
TEL: (800) 332-8387 
V. St. Laurent, Québec 
TEL: (514) 335-7697 
Nepean, Ontario © 
TEL: (613) 596-6980 
Winnipeg, Manitoba 
TEL: (204) 786-8401 


COLORADO 


Anthem 
Englewood 


_ TEL: (303) 790-4500 


Arrow/Schweber 
Englewood . 
TEL: (303) 799-0258 
Hall-Mark 
Englewood 

TEL: (303) 790-1662 
Hamilton/Avnet 
Englewood 


TEL: (303) 799-7800, 


Colorado Springs 
TEL: (719) 637-0055 
Wyle Laboratories 
Thornton 

TEL: (303) 457-9953 


CONNECTICUT 


Anthem 

Waterbury 

TEL: (203) 575-1575 
Arrow/Schweber 
Wallingford 

TEL: (203) 265-7741 
Falcon 

Milford ot 

TEL: (203) 878-5272 
Hall-Mark 

Cheshire . 
TEL: (203) 271-2844 
Hamilton/Avnet 
Danbury 

TEL: (203)743-9799 


FLORIDA 


Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 
Lake Mary - 
TEL: (407) 333-9300 
Hall Mark 
Casselberry 

TEL: (407) 830-5855 
Largo - 
(813)-541-7440 
Pompano Beach — 
TEL: (305) 971-9280 
Hamilton/Avnet 

Ft. Lauderdale 

TEL: (305) 733-6300 
St. Petersburg 

TEL: (813) 573-3930 
Winter Park 

TEL: (407) 657-9018 


GEORGIA 


Arrow/Schweber 
Duluth 

TEL: (404)497-1300 
Hall- Mark 

Duluth. - 

TEL: (404) 623- 4400 
Hamilton/Avnet — 
Duluth ~~? 
TEL: (404) 623-5475 
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ILLINOIS 


Anthem 
Schaumburg 

TEL: (708).884-0200 
Arrow/Schwober 
Itasca 

TEL: (708) 250-0500 
Hall-Mark 

Wood Dale 

TEL: (312) 860-3800 
Hamilton/Avnet 
Bensenville ; 
TEL: (708) 860-8566 
Newark’: - | , 
Chicago 

TEL: (312) 784-5100 


INDIANA _. 


Arrow/Schweber 
Indianapolis — 

TEL: (317) 299-2071 
Hall-Mark 
Indianapolis 

TEL: (317) 872-8875 
Hamilton/Avnet 
Carmel aie 
TEL: (317) 844-9333 


IOWA 


Arrow/Schweber | 
Cedar. Rapids 

TEL: (319) 395-7230 
Hamiiton/Avnet 
Cedar Rapids 

TEL: (319) 362-4757 


KANSAS 


Arrow/Schweber 
Lenexia - 

TEL: (913)541-9542 
Hall-Mark — 
Lenexa - 

TEL: (913) 888-4747 
ee 


TEL: (er 3) 541-7924 


KENTUCKY 


Hamilton/Avnet 
Lexington — 
TEL: (606) 288-4911 


MARYLAND 


Anthem: 

Columbia 

TEL:. (410) 995-6640 
Arrow/Schweber 


_ Columbia 


TEL: (410) 596-7800 
Falcon 

Baltimore 

TEL: (410) 247-5800 
Hall-Mark 

Columbia 

TEL: (410) 988-9800 
Hamilton/Avnet 
Columbia | 

TEL: (410) 995-3528 


North American Authorized Distributors (Continued) 


MASSACHUSETTS 


Anthem 

Wilmington 

TEL: (508) 657-5170 
Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Gerber 

Norwood 

TEL: (617) 769-6000 
Hall-Mark 

Billerica 

TEL: (508) 667-0902 
Hamiliton/Avnet 
Peabody 

TEL: (508) 531-7430 


MICHIGAN 
Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hali-Mark 

Livonia 

TEL: (313) 462-1205 
Hamilton/Avnet 
Novi 

TEL: (313) 347-4270 
Grandville 

TEL: (616) 531-0345 


MINNESOTA 

Anthem 

Eden Prairie 

TEL: (612) 944-5454 


Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 


Hall-Mark 
Bloomington 

TEL: (612) 941-2600 
Hamilton/Avnet 
Minnetonka 

TEL: (612) 932-0600 


MISSOURI 
Arrow/Schweber 
St. Louis 

TEL: (314) 567-6888 
Hall-Mark 

Earth City 

TEL: (314) 291-5350 
Hamilton/Avnet 
Chesterfield 

TEL: (314) 537-1600 


NEW HAMPSHIRE 
Hamilton/Avnet 
Manchester 

TEL: (603) 624-9400 


Pinebrook 

TEL: (201) 227-7880 
Hall-Mark 
Parsippany 

TEL: (201) 515-3000 
Moorestown 

TEL: (609) 235-1900 
Hamilton/Avnet 
Cherry Hill 

TEL: (609) 424-0100 
Parsippany 

TEL: (201) 515-5300 


NEW MEXICO 


Hamilton/Avnet 
Albuquerque 
TEL: (505) 765-1500 


NEW YORK 


Anthem 

Commack 

TEL: (516) 864-6600 
Falcon 

Hauppauge 

TEL: (516) 724-0980 
Arrow/Schweber 
Hauppauge 

TEL: (516) 231-1000 
Rochester 

TEL: (716) 427-0300 
Halli-Mark 

Fairport 

TEL: (716) 425-3300 
Ronkonkoma 

TEL: (516) 737-0600 
Hamilton/Avnet 
Syracuse 

TEL: (315) 434-2426 
Hauppauge 

TEL: (516) 434-7490 
Rochester 

TEL: (716) 475-9130 
Westbury 

TEL: (516) 997-6868 


NORTH CAROLINA 


Arrow/Schweber 
Raleigh 

TEL: (919) 876-3132 
EMC 

Charlotte 

(704) 394-6195 
Hall-Mark 

Raleigh 

TEL: (919) 878-0712 
Hamiiton/Avnet 
Raleigh 

TEL: (919) 878-0819 


Highland Heights 
TEL: (216) 442-3441 


Hall-Mark 
Worthington 

TEL: (614) 888-3313 
Solon 

TEL: (216) 349-4632 
Hamilton/Avnet 
Dayton 

TEL: (513) 439-6700 
TEL: (513) 439-6721 
Columbus 

TEL: (614) 882-7389 
Solon 

TEL: (216) 349-5100 


OKLAHOMA 


Arrow/Schweber 
Tulsa 

TEL: (918) 252-7537 
Hall-Mark 

Tulsa 

TEL: (918) 254-6110 
Hamilton/Avnet 
Tulsa 

TEL: (918) 252-7297 


OREGON 


Almac/Arrow 
Beaverton 

TEL: (503) 629-8090 
Anthem 

Beaverton 

TEL: (503) 643-1114 
Hamilton/Avnet 
Beaverton 

(503) 627-0201 
Wyle Laboratories 
Beaverton 

TEL: (503) 643-7900 


PENNSYLVANIA 


Anthem 
Horsham 
TEL: (215) 443-5150 


Arrow/Schweber 
Pittsburgh 

TEL: (412) 963-6807 
Hamilton/Avnet 
Pittsburgh 

TEL: (412) 772-1861 


TEXAS 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 530-4700 
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Hamilton/Avnet 
Austin 

TEL: (512) 832-4306 
Dallas 

TEL: (214) 404-9906 
Stafford 

TEL: (713) 274-9336 
Wyle Laboratories 
Austin 

TEL: (512) 345-8853 
Houston 

TEL: (713) 879-9953 
Richardson 

TEL: (214) 235-9953 


UTAH 


Anthem 

Salt Lake City 

TEL: (801) 973-8555 
Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 
Hamilton/Avnet 
Salt Lake City 

TEL: (801) 266-2022 
Wyle Laboratories 
West Valley 

TEL: (801) 974-9953 


WASHINGTON 


Almac/Arrow 
Bellevue 

TEL: (206) 643-9992 
Spokane 

TEL: (509) 924-9500 
Anthem 

Bothell 

TEL: (206) 483-1700 
Hall-Mark 

Seattle 

TEL: (206) 547-0415 
TEL: 1-800-548-3976 
FAX: 206 632 4814 
Hamilton/Avnet 
Redmond 

TEL: (206) 881-6697 
Wyle Laboratories 
Redmond 

TEL: (206) 881-1150 


WISCONSIN 


Arrow/Schweber 
Brookfield 

TEL: (414) 792-0150 
Hall-Mark | 
New Berlin 

TEL: (414) 797-7844 
Hamilton/Avnet 
Waukesha 

TEL: (414) 784-4518 


OHIO 
NEW JERSEY Arrow/Schweber Hall-Mark ° 
Anthem Solon _ Austin ype Amer Dies ‘but 
Pinebrook TEL: (216) 248-3990 TEL: (512) 258-8848 Authorized Distributor 
TEL: (201) 277-7960 Centerville Dallas Graftec Electronic Sales Inc. 
Arrow/Schweber TEL: (513) 435-5563 TEL: (214) 343-5000 ier ie ama East 
Marlton EMC TEL: (214) 553-4300 ages moa 


TEL: (609) 596-8000 


Columbus 
TEL: (614) 299-4161 


Houston 
TEL: (713) 781-6100 


Boca Raton, Florida 33431 


TEL: (407) 994-0933 
FAX: 407 994-5518 


SALES OFFICE 
INFORMATION 


European Sales Offices and Representatives 


European Sales Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee, 100 
1130 Brussels, Belgium 
TEL: 32 2 246 21 11 
FAX: 32 2 246 22 05 
FAX: 32 2 246 22 06 
TLX: 61566 


AUSTRIA 

_ Transistor 
Vertriebsgeselilschaft mbH 
& Co KG 
Auhofstrasse 41A 
A - 1130 Vienna 
TEL: 43 222 82 94010 
FAX: 43 222 82 64 40 
TWX: 133738 


FINLAND 
Teknokit OY 
Reinkkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


FRANCE 

* Harris Semiconducteurs SARL 
2-4, Avenue de I'Europe 
78140 Velizy 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 64 054 
TLX: 697060 . 
Unirep 
Z.!. De La Bonde 1BIS 
Rue Marcel Paul 
R - 91300 MASSY 
TEL: 33 1 69 20 03 64 
FAX: 33 1 69 20 00 61 


GERMANY 

* Harris Semiconductor 
GmbH 
Putzbrunnerstrasse 69 
8000 Muenchen 83 
TEL: 49 89 63813 0 
FAX: 49 89 6376201 
TLX: 529051 


Harris Semiconductor 
GmbH 

Kieler strasse 55 - 59 
2085 Quickborn 

TEL: 49 4106 5002 04 
FAX: 49 4106 68850 
TLX: 211582 


Harris Semiconductor 
GmbH 

Wegener Strasse, 5/1 
7032 Sindelfingen . 
TEL: 49 7031 873 469 
FAX: 49 7031 873 849 
TLX: 7265431 


Ecker Michelstadt GmbH 
Koningsberger Strasse, 2 
D - 6120 Michelistadt 

TEL: 49 6061 2233 

FAX: 49 6061 5039 

TWX: 4191630 . 


Erwin W. Hildebrandt 
Nieresch 32 

D - 4405 Nottuln-Darup 
TEL: 49 2502 6065 
FAX: 49 2502 1889 
TWX: 892565 


Fink Handelvertretung 
Margreider Platz 
Laurinweg 1 

D - 8012 Ottobrunn Bei 
Munchen 

TEL: 49 89 6097 004 
FAX: 49 89 6098 170 
TWX: 529298 


ISRAEL 
Aviv Electronics Ltd 
P.O. Box 58175 
5, Arad Street 
Ramat Hahayal 
IS - Tel Aviv 61581 
TEL: 972 3 544 7262 
FAX: 972 3 544 7650 
TWX: 33572 


ITALY 
* Harris SRL 
Viale Fulvio Testi, 126 
20092 Cinisello Balsamo 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 248 66 20 
39 2 262 22 158 (ROSE) 
TWX: 324019 


PORTUGAL 

Cristalonica Componentes 
De Radio E Televisao Lda 
Rua Bernardim Ribeiro, 25 
P - 1100 Lisbon 

TEL: 351 13 53 46 31 
FAX: 351 13 56 17 55 
TWX: 64119 


SPAIN 
Elcos S. A. 
Loeches 1-3 
SP - 28008 Madrid 
TEL: 34 1 54175 10 
FAX: 34 1541 75 11 


SWEDEN 
Martinsson Electronik AB 
Instrumentvagen 15 
P.O. Box 9060 
S - 126 09 Haegersten 
TEL: 46 8 744 03 00 
FAX: 46 8 744 34 03 
TWX: 13077 


SWITZERLAND 
BASiX fur Elektronik AG 
Hardturmstrasse 181 
Postfach 
CH - 8010 Zurich 
TEL: 41 1 276 11 11 
FAX: 41 1276 12 34 
TWX: 822966 © 


TURKEY 


EMPA AS 

Elektronik Mamulleri 
Pazarlama AS 

Besyol Londra Asfalti 
34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 598 5353 
TWX: 21137 


UNITED KINGDOM 

* Harris Semiconductor Ltd 
Riverside Way 
Camberley 
Surrey GU15 3YQ 
TEL: 44 276 686 886 ° 
FAX: 44 276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
TWX: 43679 
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S.M.D. 

182, Hall Lane 
Aspull, Wigan 

Lancs WN2 2SS 
TEL: 44 942 54867 
FAX: 44 942 525317 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 51566 
FAX: 44 555 51562 
TWX: 777404 


YUGOSLAVIA 


Avtotehna 

P.O. Box 593 
Celovska 175 

YU - 61000 Ljubljana 
TEL: 38 61 552 341 
FAX: 38 61.191 112 
TWX: 31639 


*Field Application Assistance Available 


European Authorized Distributors 


AUSTRIA 
Transistor 
Vertriebsgesellschaft mbH 
& Co KG 
Auhofstrasse 41A 
A - 1130 Vienna 
TEL: 43 222 82.94 010 
FAX: 43 222 82 64 40 
TWX: 133738 


BELGIUM 
Diode Belgium 
Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 45 11 
FAX: 32 2 725 46 60 


Inelco Components & 
Networks Company SA/NV 
Avenue des Croix de Guerre 94 
B - 1120 Brussels 

TEL: 32 2 244 28 11 

FAX: 32 2 216 46 06 

TWX: 64475 


+ 


DENMARK 
Ditz Schweitzer A/S 
Vallensbaekvej 41 
Postboks 5 
DK - 2605 Brondby 


TEL: 45 42 45 30 44 
FAX: 45 42 45 92 O06 


Ww wee WO 


TWX: 33257 
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FINLAND 


Yleiselektroniikka OY 
Telercas 

P.O. Box 63 
Luomannotko, 6 . 

SF - 02201 Espoo 
TEL: 358 0 452 16 22 
FAX: 358 0 452 33 37 


FRANCE 


* 


+ 


* 


Almex 

48 rue de l'Aubepine 
Zone Industrielle 
D'Antony-BP 102 

F - 92160 Antony 
TEL: 33 1 40 96 54 00 
FAX: 33 1 46 66 60 28 
TWX: 250067 


CCI Electronique 

5 Rue Marcelin Berthelot 
Zone Industrielle D'Antony 
BP 92 

F - 92164 Antony Cedex 
TEL: 33 1 46 66 21 82 
FAX: 33 1 40 96 92 26 
TWX: 203881 


Avnet RTF 

81 Rue Pierre Semard 

F - 92320 Chatillon Sous 
Bagneux 

TEL: 33 1 49 65 27 00 
FAX: 33 1 49 65 27 38 
TWX: 632247 


European Authorized Distributors (Continued) 


* Tekelec Airtronic 
Cite Des Bruyeres 
Rue Carle Vernet 
F - 92310 Sevres 
TEL: 33 1 46 23 24 25 
FAX: 33 1 45 07 21 91 
TWX: 634018 


Harris Semiconductor 
Chip Distributors 
Hybritech CM (HCM) 
7, Avenue Juliot Curie 
F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 
FAX: 33 46 45 04 44 
TWX: 793034 


Edgetek 

Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


Eltek Semiconducteurs 
Z. A. De La Tuilerie 

B. P. 1077 

78204 Mantes-La-Jolie 
TEl: 33 13477 1616 
FAX: 33 134 7795 79 
TWX: 699737 


GERMANY 
Alfred Neye Enatechnik 
GmbH 
Schillerstrasse 14 
D - 2085 Quickborn 
TEL: 49 4106 61 20 
FAX: 49 4106 61 22 68 
TWX: 213590 


Bit-Electronic AG 
Dingolfinger Strasse 6 
Postfach 800245 

D - 8000 Muenchen 80 
TEL: 49 89 41 80070 
FAX: 49 89 41 80 07 20 
TWX: 5212931 


ECS Hilmar Frehsdorf 
GmbH 

Electronic Components 
Service 

Carl-Zeiss Strasse 3 

D - 2085 Quickborn 
TEL: 49 4106 70050 
FAX: 49 4106 700537 
TWX: 213693 ; 


Indeg Industrie Elektronik 
GmbH 

Postfach 1563 

Emil Kommerling Str. 5 

D - 6780 Pirmasens 
TEL: 49 6331 94 065 

FAX: 49 6331 94 064 

TWX: 452269 


Jermyn GmbH 

IM Dachsstueck 9 

D - 6250 Limburg 4 
TEL: 49 6431 508 0 
FAX: 49 6431 508 289 
TLX: 415257 0 


Sasco GmbH 
Hermann-Oberth Strasse 16 
D - 8011 Putzbrunn- 
Bei-Muenchen 

TEL: 49 89 46 110 

FAX: 49 89 46 11 270 

TWX: 529504 


Spoerle Electronic KG 
Max-Planck Strasse 1-3 
D - 6072 Dreieich 

1- Bei-Frankfurt 
TEL:49 6103 30 48 
FAX: 49 6103 30 42 01 
TWX: 417972 


GREECE 
Semicon Co. 
104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 321 60 63 
TWX: 216684 


ISRAEL 
Aviv Electronics Ltd 
P.O. Box 24190 
5, Arad Street 
Ramat Hahayal 
IS - Tel-Aviv 69710 
TEL: 972 3 544 7262 
FAX: 972 3 544 7650 
TWX: 33572 


ITALY 
Eurelettronica SpA 
Via Enrico Fermi, 8 
| - 20090 Assago (MI) 
TEL: 39 2 488 00 22 
FAX: 39 2 488 02 75 


EBV Elektronik SRL 

Via Frova, 34 

F-20092 Cinisello Balsamo 
(Ml) 
TEL: 39 2 660.17111 

FAX: 39 2 660.17020 


Lasi Elettronica SpA 
Viale Fulvio Testi 280 

| - 20126 Milano 

TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 
TWX: 352040 


Silverstar Ltd. 

Viale Fulvio Testi 280 

| - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 
TWX: 332189 


NETHERLANDS 

* Auriema Nederland BV 
Doornakkersweg, 26 
NL - 5642 MP Eindhoven 
TEL: 31 40 81 65 65 
FAX: 31 40 81 18 15 
TWX: 51992 


Diode Components BV 
Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 3 59 24 
FAX: 31 3402 9 12 34 


NORWAY 
Hans H. Schive A/S 
Undelstadlia 27 
Postboks 185 
N - 1371 Asker 
TEL: 47 2 900 900 
FAX: 47 2 904 484 
TWX: 19124 


PORTUGAL 
Cristalonica 
Componentes De Radio E 
Televisao, Lda 
Rua Bernardim Ribeiro, 25 
P - 1100 Lisbon 
TEL: 351 13 53 46 31 
FAX: 351 13 56 17 55 
TWX: 64119 


SPAIN 
Amitron S.A. 
Avenida Valladolid 47D BAJO 
SP - 28008 Madrid 
TEL: 34 1 542 09 06 
TEL: 34 1 547 93 13 
FAX: 34 1 248 79 58 
TWX: 45550 


EBV Elekronik S.A. 
Salvatierra 4 

SP - 28034 Madrid 
TEL: 34 1 358 18 35 
FAX: 34 1 729 37 52 
TWX: 23382 


SWEDEN 
Martinsson Elektronik AB 
Instrumentvaegen 15 
Box 9060 _ . 
S - 126 09 Hagersten 
TEL: 46 8 744 03 00 
FAX: 46 8 774 34 03 
TWX: 13077 


SWITZERLAND 
BASiX fur Elektronik AG 
Hardturmstrasse 181 
Postfach 
CH - 8010 Zurich 
TEL: 41 1 276 11 11 
FAX: 41 1 276 12 34 
TWX: 822966 


TURKEY. 
EMPA 
Elektronik Mamulleri 
Pazarlama AS 
Besyol Londra Asfalti 
34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 598 5353 
TWX: 21137 


UNITED KINGDOM 
Avnet Access Ltd 
Jubilee House 
Jubilee Road 
‘Letchworth 
Hertfordshire SG6 1QH 
TEL: 44 462 480888 
FAX: 44 462 682467 
TWX: 826505 
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ESD Distribution Ltd 
Edinburgh Way 
Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44 279 441687 
TWX: 818801 


Farnell Electronic 
Components Ltd. 
Marketing & Purchasing Div. 
Armley Road, Leeds 

West Yorkshire LS12 2QQ 
TEL: 44 532 790101 

FAX: 44 532 633404 

TWX: 55147 


Jermyn Distribution 

Vestry Industrial Estate 
Sevenoaks 

Kent TN14 5EU 

TEL: 44 732 743743 

FAX: 44 732 451251 

TWX: 95142 

Macro Markeiing Lid 

Burnham Lane 

Slough, Berkshire SL1 6LN 

TEL: 44 628 604422 

FAX: 44 628 666873 

TWX: 847945 


Micromark Electronics Ltd. 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 

TEL: 44 628 76176 

FAX: 44 628 783799 

TWX: 847397 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 844 261188 

FAX: 44 844 261681 

TWX: 837917 


Harris Semiconductor 
Chip Distributors 


Die Technology Ltd. 
Corbrook Rd. 
Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TLX: 668570 


Eltek Semiconductor Ltd. 
Nelson Rd. Industrial Estate 
Dartmouth 

Devon TQ69NA_ 

TEL: 44 803 83 4455 

FAX: 44 803 83 3011 


Rood Technology 
Test House Mill Lane 
Alton 

Hampshire GU34 2QG 
TEL: 44 420 88022 
FAX: 44 420 87259 
TLX: 858456 - 


Available 


SALES OFFICE 
INFORMATION 


Asian Pacific Offices and Representatives 


NORTH ASIA 

Sales Headquarters 

JAPAN 
Harris K.K, 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163-08 
Japan 
TEL: 81-3-3345-8911 
FAX: 81-3-3345-8910 


SOUTH ASIA 

Sales Headquarters 

HONG KONG 
Harris Semiconductor H.K. 
Ltd. 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: 852-723-6339 
FAX: 852-739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Promark Electronics 
Pty Ltd 
16 Dickson Avenue 
Artarmon NSW 2064 
TEL: (61) 2-439-4655 
FAX: (61) 2-439-6435 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Promark Electronics 
Pty Ltd 
16 Dickson Avenue 
Artarmon, NSW 2064 
TEL: (61) 2-439-4655 
FAX: (61) 2-439-6435 


HONG KONG 
Dodwell Engineering 
7/F, Cavendish Centre 
23 Yip Hing Street 
Wong Chuk Hang 
TEL: (852) 555-4633 
FAX: (852) 873-0625 


Karin Electronic Supplies 
Co., Ltd. 

7F, Karin Bldg. 

166 Wai Yip Street 

Kwun Tong, Kowloon 

TEL: (852) 389-8252 

FAX: (852) 343-6479 


Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 

Hung Hom, Kowloon 

TEL: (852) 334-8188 

FAX: (852) 334-8649 


Sunnice Electronics Co., Ltd. 


Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 

FAX: (852) 763-5477 


Willas Co., Ltd. 

8F, Wing Tai Centre 
12 Hing Yip Street 
Kwun Tong, Kowloon 
TEL: (852) 3414281 
FAX: (852) 3431229 


Electrocon Products, Ltd. 
8F, Block B 

Prosperity Centre 

77 Container Port Road 
Kwai Chung, N.T. 

TEL: (852) 481-6022 

FAX: (852) 481-5804 


JAPAN 
Hakuto Co., Ltd. 
Toranomon Sangyo Bidg. 
1-2-29, Toranomon 
Minato-ku, Tokyo 105 
TEL: 03-3225-8910 
FAX: 03-3597-8975 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 

Midori-ku, Yokohama-shi, 

Kanagawa 226 

TEL: 045-939-6116 

FAX: 045-939-6117 


Jepico Corp. 


Shinjuku Daiichi Seimei Bidg. 


2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 | 


Micron, Inc. 

Misuzu Bldg. 

4-27-12, Sendagaya, 
Shibuya-Ku, Tokyo 151 
TEL: 03-3796-1860 
FAX: 03-3796-1866 


Okura Electronics Co., Ltd. 


2-3-6, Ginza Chuo-ku, 
Tokyo 104 

TEL: 03-3564-6871 
FAX: 03-3564-6870 


KOREA 
Harris Semiconductor YH 
RM #419-1 4TH FL. 
Korea Air Terminal Bidg. 
159-1, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 
Iinhwa Company, Ltd. 
3 Fir., Suh Kang Bidg. 
#789-21, Yoksam-dong, 
Kangnam-ku, Seoul 
TEL: 822-554-7341 
FAX: 822-557-5043 


Takachiho Koheki Co., Ltd. 


1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 


KOREA 
KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


Inhwa Company, Ltd. 
3 Fir., Suh Kang Bidg. 
#789-21, Yoksam-dong, 
Kangnam-ku, Seoul 
TEL: 822-554-7341 
FAX: 822-557-5043 


NEW ZEALAND 
Components and Instru- 
mentation NZ, Ltd. - 
Semple Street 
Porirua, Wellington 
P.O. Box 50-548 
TEL: (64) 4-237-5632 
FAX: (64) 4-237-8392 


PHILIPPINES 
Crystalsem, Inc. 
216 Ortega Street 
San Juan, Metro 
Manila 3134 
TEL: (632) 79-05-29 
TLX: 722-22031 (IMCPH) 


tt HARRIS 
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- SINGAPORE 


Harris Semiconductor 
Pte Ltd. 

105 Boon Keng Road 
#01-01 Singapore 1233 
Att: Sales Office 

TEL: 65-291-0203 

FAX: 65-293-4301 

TLX: RS36460 RCASIN 


TAIWAN 


Harris Semiconductor 
Room 1103 

600 Ming Chuan East Road 
Taipei 

TEL: 886-2-716-9310 

FAX: 886-2-715-3029 

TLX: 78525174 


SINGAPORE 


B.B.S Electronics PTE, Ltd. 
1 Genting Link 

#06-03 Perfect Indust. Bldg. 
Singapore 1334 

TEL: (65) 7488400 

FAX: (65) 7488466 


. Device Electronics PTE, Ltd. 


605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 

TEL: (65) 2886455 

FAX: (65) 2879197 


TAIWAN 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 
Taipei, Taiwan 

TEL: 886-2-705-7266 

FAX: 886-2-708-7901 

Acer Sertek Inc. 

3F, No. 135, Sec. 2 

Chien Kuo N. Road 

Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng 
W. Road, Taipei 

Taiwan, ROC 

TEL: (886) 2-521-9676 
FAX: (886) 2-542-6006 


THAILAND 


Grawinner Co., Ltd. 
226/227 Phahonyothin Rd. 
Phyathai, Bangkok 10400 
TEL: (662) 271-8742 

FAX: (662) 271-2494 
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BR-007 


RFM3N50 
RFM4N35 
RFM4N40 
RFM6N45 
RFM6N50 
RFM7N35 
RFM7N40 
RFM8N18 
RFM8N18L 
RFM8N20 
RFM8N20L 
RFM10N12 
RFM10N12L 
RFM10N15 
RFM10N15L 
RFM10N45 
RFM10N50 
RFM12N08 
RFM12NO8L 
RFM12N10 
RFM12N10L 
RFM12N18 
RFM12N20 
RFM12N35 
RFM12N40 
RFM15N05 
RFM15NO5L 
RFM15N06 
RFM15NO6L 
RFM15N12 
RFM15N15 
RFM18N08 
RFM18N10 
RFM25N06 
RFM5P12 
RFM5P15 
RFM6P08 
RFM6P10 
RFM8P08 
RFM8P 10 
RFM10P12 
RFM10P15 
RFM12P08 
RFM12P10 
RFP2NO08 
RFP2NO8L 
RFP2N10 
RFP2N10L 
RFP2N 12 
RFP2N12L 
RFP2N15 
RFP2N15L 
RFP2N18 
RFP2N18L 
RFP2N20 
RFP2N20L 


ALPHA NUMERIC PRODUCT INDEX (continueg) 


N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Ennhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Ennancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L?FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Logic Level Power Field-Effect Transistors (L°FET) 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
N-Channel Enhancement-Mode Power Field-Effect Transistors 
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